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Period  of  unusual  heat  in  June^  1873. 

Ik  June,  1873,  an  unusually  high  temperature  prevailed 
throughout  a  large  portion  of  the  United  States.  At  most  of 
the  Signal  Service  stations  the  thermometer  rose  above  90** 
during  some  part  of  the  month,  and  at  several  of  the  stations 
there  were  more  than  ten  days  on  which  the  thermometer  rose 
as  high  as  90°.     In  the  following  table,  column  1st  shows  the 

Temperature  of  90°  in  June^  1873. 
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2'./  'JS.  JifiotQ,t9^.S^uUs  derit^jrnm,  an  examtnution  ofihe 

names  of  the  stations  at  which  observations  were  made  with 
self-registering  thermometei-s ;  column  2d  shows  the  latitude  of 
the  stations;  column  3d  shows  their  elevatioa  above  the  sea, 
expressed  in  feet;  and  column  4th  shows  the  number  of  days 
on  which  the  thermometer  rose  as  high  as  90°. 

The  observations  at  Denver  and  Cheyenne  indicate  that  on 
an  elevated  plateau  the  extreme  heat  of  summer  is  at  least  as 
great  as  it  is  at  the  level  of  the  sea  in  the  same  latitude ;  while 
the  observations  at  Lexington  and  Morgantown  show  that  an 
elevation  of  a  few  hundred  feet  aliove  the  surrounding  couotry 
has  a  sensible  effect  in  moderating  the  extremes  of  heat  The 
observations  in  the  vicinity  of  the  Great  Lakes  as  well  as  those 
near  the  Ocean  show  that  large  bodies  of  water  have  a  decided 
in&uence  in  moderating  the  extremes  of  temperature. 

The  stations  at  which  the  thermometer  rose  above  ttO"  in  more 
than  three  cases  are  nil  inland  stations ;  and  it  is  noticciible  that 
at  certain  northern  stations  the  heat  was  more  intense  than  at 
any  of  the  southern  stations.  At  Fort  Suliy  the  thermometer 
rose  to  108°;  on  seven  days  it  rose  above  100°;  and  on  twelve 
days  it  rose  as  high  as  95°.     At  Denver  the  thermometer  roee 


Obeervatiofie  of  the  thermomel^  at  4' 


>.  M.,  June  15-26, 1B73. 
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to  99°,  and  on  five  days  it  rose  as  high  as  95°.  At  Indianola 
the  highest  temperature  was  97°'5,  and  only  twice  did  the  ther- 
mometer rise  as  nigh  as  95°.  At  San  Antonio  the  highest  tem- 
perature was  96°,  and  only  once  did  the  thermometer  rise  as  high 
as  96°.  At  Mobile  the  highest  temperature  was  96°,  and  these 
are  the  highest  temperatures  reported  at  any  of  the  southern 
stations.  We  thus  see  that  at  Fort  Sully  an^  Denver  the  ther- 
mometer rose  higher  than  it  did  at  any  of  the  southern  stations. 

If  we  consider  simply  the  height  of  the  thermometer  above 
the  mean  temperature  of  the  month,  we  find  that  by  far  the 
most  remarkable  cases  occurred  at  stations  north  of  latitude  40°. 
The  preceding  table  exhibits  the  observed  changes  of  tempera- 
ture from  June  15  to  June  26.  Column  second  shows  the  mean 
temperature  of  June  at  the  stations  named  in  column  first,  and 
the  succeeding  columns  show  the  difference  between  the  mean 
temperature  of  the  month  and  the  temperature  observed  each 
day  at  4**  86"  P.  M.  At  this  hour  the  temperature  at  most  of 
the  stations  is  about  8°  above  the  mean  temperature  of  the  day, 
BO  that  nearly  all  the  numbers  given  in  this  table  should  be 
diminished  by  about  8°  in  order  to  show  the  elevation  above 
the  mean  temperature  at  the  hour  of  observation  ;  and  at  a  few 
of  the  stations  a  still  larger  correction  is  required. 

In  order  to  exhibit  more  clearly  the  conclusions  to  be  de- 
rived from  the  numbers  in  the  preceding  table  I  have  prepared 
the  following  summary,  in  whicn  column  second  shows  for  each 
day  at  what  station  the  temperature  rose  most  above  the  mean 
for  the  month  ;  column  third  shows  how  much  the  thermometer 
rose  above  the  mean ;  column  fourth  shows  the  state  of  the  ba- 
rometer at  the  given  station,  and  column  fifth  shows  the  lowest 
barometer  observed  on  the  given  day  at  any  of  the  stations. 

Tempefratures  most  above  the  mean. 


Date. 


June  12 
13 
14 
15 

16 

it 

17 
18 

19 

i( 

20 

21 

22 

23 

24 
It 

25 
26 


SUtioni. 


Fort  Benton . 
FortSnlly... 
Breckenridge 
Fort  Benton  . 
Virginia  City 
Fort  Sully... 
Fort  Sully.-, 
Alpena  ..... 
Escanaba  ... 
Marquette... 
Cheyenne  ... 
Fort  Sully... 

Denver 

Milwaukee  .. 

Saugeen 

Denver  

Fort  Sully... 
Breckenridge 


Temper- 
ftture. 


+  19* 
+  21 
+  19 
+  30 
+  24 
+  24 
+  27 
+  28 
+  25 
+  26 
+  26 
+  25 
+  28 
+  27 
+  25 
+  23 
+  31 
+  28 


Baroin. 


29-97 
29*68 
29-59 
29-80 
29-67 
29-69 
29-52 
29-54 
29-52 
29-53 
29-90 
29-46 
29-61 
29-77 
H006 
29-87 
29-52 
29-68 


Lowest 
barom. 


29-64 
29-68 
29-46 
29-63 
29-64 
29*64 
29-38 
29-26 
29*49 
29-49 
29-41 
29-46 
29-30 
29-57 
29*62 
29-62 
29-52 
29*68 
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We  see  from  this  table  that  the  stations  at  which  the  ther- 
mometer rose  most  above  the  mean  were  all  north  of  lat  89®, 
and  they  are  all  situated  between  the  Bocky  Mountains  and  the 
meridian  of  81°  west  of  Greenwich.  We  also  see  that  a  high  tem- 
perature was  generally  accompanied  by  a  barometer  below  the 
mean ;  the  average  pressure  shown  in  column  fourth  being  29*70. 
Column  fifth  shows  that  on  each  day  there  was  a  considerable 
barometric  depression  in  some  part  of  the  United  States  and  the 
center  of  this  depression  was  always  north  of  lat.  40°,  and  the 
region  of  greatest  heat  was  always  within  the  influence  of  the 
area  of  depressed  barometer.  In  four  instances  the  station 
which  showed  the  greatest  rise  of  temperature  showed  also  the 
greatest  depression  of  the  barometer. 

In  order  to  exhibit  more  clearly  the  form  and  position  of 
these  heated  areas  I  have  prepared  Chart  I,  which  shows  the 
thermic  isabnormals  for  June  18th,  at  4*»  35"*,  P.  M.,  the  curves 
being  drawn  at  intervals  of  5°. 

From  this  chart  we  perceive  that  near  the  Gulf  of  Mexico, 
and  also  near  the  northeast  and  northwest  angles  of  the  United 
States,  the  temperature  was  below  the  mean  for  the  month  of 
June,  but  in  every  other  portion  of  the  United  States  the  tem- 
perature was  above  the  mean  for  the  month.  In  order  to  de- 
termine how  much  the  mean  temperature  at  the  hour  of  obser- 
vation exceeds  the  mean  temperature  of  the  month,  I  have 
compared  the  observations  of  maxima  and  minima  tempera- 
tares  at  all  the  Signal  Service  stations  as  far  as  they  have  oeen 
published  in  the  annual  Reporta  I  have  taken  the  mean  of 
the  maxima  of  temperature  for  the  month  of  June  at  each 
station,  and  also  the  mean  of  the  minima.  The  diflference  be- 
tween these  two  months  I  call  the  mean  diurnal  oscillation  of 
the  thermometer.  I  have  made  this  comparison  for  each  of  the 
years  1873,  4,  and  5.  The  following  table  shows  all  the  Signal 
oervice  stations  at  which  the  mean  diurnal  oscillation  exceeds 
22°,  and  also  all  those  stations  at  which  the  oscillation  is  less 
than  16°.  Column  second  shows  the  mean  diurnal  oscillation 
for  the  month  of  June  at  the  stations  named  in  column  first; 
column  third  shows  the  number  of  years  of  observation ;  col- 
umn fourth  shows  the  height  of  the  station  above  the  sea ; 
column  fifth  shows  the  annual  rain-fall  at  each  station ;  and 
column  sixth  shows  the  rain-fall  in  1873,  from  June  12th-26th 
inclusiva 

Since  we  have  a  series  of  hourly  observations  of  the  ther- 
mometer at  Philadelphia  and  Toronto  we  can  compute  the  cor- 
rection to  be  applied  on  account  of  the  hour  of  observation  at 
each  of  the  preceaing  stations,  if  we  assume  that  the  correction 
at  different  stations  is  proportioned  to  the  entire  daily  oscilla- 
tion.    We  thus  find  that  at  the  hour  of  4*35  P.  M.,  Washington 
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Diurnal  osciUation  of  temperature  in  June, 


Stations. 


Colorado  Springs 

Denver  

Cheyenne - 

Santa  Fe 

Dodge  City 

FortSuUy 

Virginia  City 

Salt  Lake  City 

Fort  Garry 

Ottawa  -- 

North  Platte 

Oorsicana 

Pittsburgh 

Stayner 

Bismark 

Wytheville 

Shreveport 

Pembina 

Island  of  St  Paul 

Cape  Hatteras 

Cape  Rozier 

Key  West 

Cape  May 

Mt  Washington, 

New  Orleans 

San  Diego 

Wood's  Hole 

Galveston 

Charleston 

San  Francisoo 

Indianola 

Atlantic  City 

Punta  Rassa 

Buffalo 

Kitty  Hawk 


OsctlUtton 

Yean. 

EleTfttion. 
ft. 

Annnal 
r»ln-ftU. 

33''1 

2 

6936 

13-69 

32-2 

3 

6136 

13-99 

31-6 

3 

6058 

8-60 

30-7 

2 

6862 

13-36 

28-2 

1 

2482 

6-49 

26-7 

3 

1687 

1216 

26-7 

3 

5510 

16-43 

25-4 

2 

4360 

17-93 

25-3 

3 

664 

14-48 

24-7 

2 

250 

29-33 

24:6 

1 

2846 

13-64 

24-3 

1 

447 

25-42 

23-5 

1 

956 

37-63 

23-6 

1 

714 

2826 

23-3 

1 

1677 

21-09 

23-3 

2 

2294 

4416 

22-9 

2 

228 

49-60 

22-8 

2 

790 

12-99 

7-0 

2 

65-85 

8-8 

1 

7 

64-38 

9-7 

1 

39 

33-81 

10-6 

3 

17 

37-60 

110 

1 

14 

46-87 

11-4 

3 

6285 

66-47 

11-9 

2 

66 

61-46 

12-0 

2 

62 

916 

12-1 

2 

25 

39-36 

12-9 

2 

40 

46-66 

13-0 

2 

61 

44-18 

13*4 

2 

60 

20-20 

13-6 

3 

26 

41-98 

138 

2 

23 

36-16 

13-8 

2 

17 

53-42 

14-8 

2 

662 

34-36 

14-9 

1 

22 

45-02 

Rain-fkll 
Udayt. 


0-02 
0-22 
0-02 

0-34 
0-28 
005 
109 


0-80 


3-89 
1-37 


time,  the  temperature  exceeds  the  mean  of  the  month  by  the 
following  quantities : 

Correction  for  hour  of  observation. 


Statlont. 

Correc. 

Stations. 

Correc. 

SUUons. 

Correc. 

Denver 

Cheyenne  

Fort  Sully 

Fort  Benton  ... 

13'' 
13 
10 
10 

Virginia  City  .. 
Breckenridge  .. 

Alpena 

Milwaukee 

lO' 
9 
8 
8 

Saugeen 

Escanaba 

Marquette 

8** 

7 
7 

Applying  these  corrections  to  the  numbers  given  on  page  4 
we  find  that  on  June  15th  the  thermometer  at  Fort  Benton  ros( 
20°  above  the  mean  temperature  of  that  station  at  the  hour  o 
observation ;  on  the  18th  at  Alpena  it  also  rose  20°,  and  on  the 
25tli  at  Port  Sully  it  rose  21°  above  the  mean  temperature  a 
the  hour  of  observation.    We  are  then  required  to  explain  ho\« 
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the  thermometer  shoald  rise  20**  above  the  mean  temperature 
of  the  hour  and  placa 

The  accompanying  Chart,  Plate  II,  shows  the  isobaric  curves 
for  the  same  date  as  the  temperature  curves  of  Plate  L  We 
perceive  that  throughout  the  entire  United  States,  with  the 
exception  of  the  Pacific  coast  and  the  vicinity  of  the  Gulf  of 
Mexico,  the  pressure  of  the  atmosphere  was  less  than  80  inches ; 
and  in  Minnesota  the  pressure  was  29*80.  This  barometric 
minimum  would  lead  us  to  look  for  southerly  winds  through- 
out the  valley  of  the  Mississippi.  The  actual  direction  of  the 
winds  observed  is  shown  by  arrows  on  Chart  L  The  following 
table  shows  the  number  of  stations  at  which  the  wind  blew 
from  each  of  the  eight  principal  points  of  the  compass. 

Direction  of  the  toinds^  June  IQthy  4^  45"*  p.  m. 


wind. 

No.  of 
Btattona. 

wind. 

No.  of 
stations. 

North 
Northeast 

East 
Southeast 

3 
2 

4 
7 

South 
Southwest 

West 
Northwest 

20 

27 

7 

7 

We  see  that  at  54  stations  the  wind  blew  from  some  southern 
quarter,  and  at  only  12  stations  did  it  blow  from  a  northern 
quarter.     The  following  are  the  stations  in  question : 

North  wind  at  Cleveland,  Mobile  and  Santa  Fe. 

Northeast  wind  at  Duluth  and  Yankton. 

Northwest  wind  at  Eastport,  Fort  Garry,  Fort  Sully,  Mt 
Washington,  Norfolk,  Oswego  and  Pembina. 

At  three  of  these  stations,  viz :  Cleveland,  Duluth  and  Os- 
wego, the  northerly  wind  was  probably  the  result  of  the  cooler 
air  of  the  Lakes  moving  toward  the  warmer  land.  Three  of 
the  stations,  viz:  Fort  Sully,  Fort  Garry  and  Pembina,  were 
situated  on  the  north  side  of  the  area  which  was  most  heated ; 
and  two  other  stations,  viz:  Eastport  and  Mt  Washington 
were  on  the  extreme  eastern  border  of  the  heated  area.  At 
Mobile  the  velocity  of  the  wind  was  only  one  mile  per  hour;  at 
Norfolk  and  Yankton  it  was  four  miles;  and  at  Santa  Fe  five 
miles  per  hour. 

We  thus  see  that  throughout  the  entire  heated  area  (with  a 
few  trifling  exceptions  which  are  easily  explained)  the  move- 
ment of  the  atmosphere  was  from  the  south.  This  general 
movement  from  the  south  had  prevailed  for  more  than  '24  hours 
with  an  average  velocity  of  about  ten  miles  per  hour,  which 
should  cause  a  rise  in  the  thermometer  of  from  6  to  10  degrees 
in  the  vicinity  of  the  western  Lakes ;  that  is,  this  cause  seems 
to  be  sufficient  to  account  for  nearly  (if  not  fully)  half  of  the 
rifle  actually  observed. 
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A  considerable  part  of  the  remaining  rise  may  probably  be 
ascribed  to  the  accumulated  effect  of  the  sun's  radiation  for 
many  successive  days  without  the  interference  of  northerly 
winds.  As  early  as  the  10th  of  June  there  was  a  large  rise  of 
the  thermometer  at  Fort  Benton  and  Virginia  City,  and  this 
was  maintained  pretty  steadily  until  the  17th.  This  heated  air 
drifted  slowlv  to  the  eastward  and  on  the  18th  reached  the 
neighborhood  of  the  Great  Lakes. 

The  great  diurnal  oscillation  of  temperature  observed  at  Den- 
ver and  its  vicinity,  probably  depends  somewhat  upon  the  config- 
uration of  the  surrounding  country,  but  the  most  important  cir- 
cumstance is  the  extreme  dryness  of  the  climate  of  this  region. 
In  a  country  where  the  annual  rain-fall  is  small,  and  the  sur- 
face of  the  earth  becomes  very  dry,  the  earth  readily  absorbs 
the  rays  of  sun,  and  there  is  little  evaporation  to  counteract  their 
heatine  effect.  The  thermometer  therefore  during  the  daj'  time 
rises  higher  than  it  would  if  the  earth  were  moist  and  covered 
with  green  grass.  At  night,  on  the  contrary,  the  heat  is  rap- 
idly aissipated,  and  there  is  no  vapor  to  be  condensed,  which 
by  the  latent  heat  liberated  would  counteract  the  effects  of  radia- 
tion. Thus  during  the  night  the  thermometer  sinks  lower  than 
it  would  in  a  moist  atmosphere. 

The  same  phenomenon  is  noticed  in  other  countries  which 
have  a  dry  climate.  At  Madrid  in  Spain  the  mean  diurnal 
oscillation  of  the  thermometer  is  much  greater  than  in  most 
parts  of  Europe.  The  following  table  shows  the  difference  be- 
tween the  mean  of  the  daily  maxima  and  the  daily  minima  at 
Madrid  for  the  months  of  June  and  July  during  a  period  of  eight 
years.  The  fourth  column  shows  the  highest  temperature 
observed  during  each  year,  and  the  fifth  column  shows  the 
rain-fall  of  each  year  expressed  in  English  inches. 

Mange  of  thermometer  ait  Madrid^  Spain,    Height^  \9Z9feet. 


7ean. 

Jane. 

JtUy. 

Higbett  temp. 

Annaal  rftin-f»U. 

1866 

26''-2  Pahr. 

29''-3  F. 

lOl'l  F. 

19-82 

1867 

30-8 

31-6 

100-8 

1504 

1868 

311 

30-2 

102-7 

11-83 

1869 

30-6 

32-2 

106-1 

11-04 

1870 

320 

32-8 

104-7 

12-81 

1871 

270 

32-6 

108-3 

16-22 

1872 

32-8 

33-1 

106-3 

15-30 

1873 

27-9 

32-8 

104-6 

15-07 

Mean 

29-7 

31-8 

104-2 

14-64 

The  last  column  in  the  table  on  page  6  shows  that  in  June, 
1873,  an  unusual  drought  prevailed  throughout  Colorado, 
Wyoming  and  Montana.     In  consequence  of  this  extreme  dry- 
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ness,  the  heating  efiect  of  the  sun's  rays  was  greatly  increased, 
and  this  cause  combined  with  the  prevalent  southerly  winds 
will  probably  explain  the  extreme  heat  observed  in  that  region. 
The  neat  experienced  in  the  neighborhood  of  the  Great  Lakes 
may  be  ascribed  partly  to  the  same  causes  operating  in  that 
locality,  and  partly  to  a  mass  of  heated  air  arifted  eastward 
from  the  dryer  regions  of  the  West. 

The  remarkable  heat  recorded  at  Fort  Sully  and  mentioned 
on  page  2,  seems  to  indicate  some  peculiarity  of  that  locality. 
In  order  to  discover  the  nature  of  tnis  peculiarity  I  have  col- 
lected all  the  cases  in  which  a  temperature  of  100°  and  up- 
ward is  mentioned  in  the  annual  Reports  of  the  Signal  Service 
for  1878,  4,  and  5.  The  following  table  shows  the  number  of 
such  cases  for  each  year.  For  the  year  1875  the  observations 
include  only  the  first  six  months  of  the  year.  The  mark  (*) 
shows  that  no  observations  of  self-registering  thermometers 
were  received  from  the  stations  indicated. 

Number  of  cases  of  a  temperature  of\0(f  Fahr, 


Fort  Gibson... 

Shreveport 

FortSollj 

LeaTenwoith  .. 

Nashvillo 

Omaha 

Cairo 

Corsicana 

Memphis 

Montgomery 

St  Louis 

Daboque 


1873. 

1874. 

1876. 

« 

21 

0 

« 

3 

18 

20 

13 

2 

0 

12 

0 

* 

7 

0 

0 

6 

0 

0 

4 

0 

* 

0 

4 

« 

4 

0 

0 

4 

0 

« 

4 

0 

« 

3 

0 

Louisville 

Denver 

Dodge  City  .. 

Keokuk 

LaOrosse 

Augusta,  Gkk. 
Cincinnati... 
Indianola  ... 
Jacksonville . 

Mobile 

Washington  . 
Yankton 


1873. 

1874. 

1876. 

0 

3 

0 

0 

2 

0 

« 

0 

2 

1 

2 

0 

« 

2 

0 

« 

0 

0 

0 

0 

0 

* 

0 

0 

0 

1 

0 

* 

0 

These  observations  show  that  the  thermometer  seldom  rises  to 
100^  in  the  vicinity  of  the  Atlantic  Ocean,  the  Gulf  of  Mexico, 
or  the  Great  Lakes.  Cases  of  extreme  heat  are  of  most  fre- 
quent occurrence  between  the  Mississippi  River  and  the  Rocky 
Mountains.  They  are  the  effect  of  the  dryness  of  the  soil  and 
of  the  atmosphere  in  that  region ;  and  they  serve  to  intensify 
the  dryness  from  which  they  result.  If  we  compare  the  high 
temperatures  observed  at  Fort  Sully  with  the  observations  at 
neighboring  stations,  we  shall  perceive  that  they  are  altogether 
exceptional.  The  first  column  of  the  following  table  shows  a 
series  of  stations  on  the  Missouri  River;  column  second  shows 
the  latitude  of  the  stations ;  column  third  shows  their  elevation 
(in  feet)  above  the  ocean ;  and  column  fifth  shows  the  number 
of  cases  in  which  the  thermometer,  in  1873,  4,  and  5,  was  ob- 
served to  rise  as  high  as  100°. 
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Temperature  of  1 00°  Fahr. 


Latitude. 

EleVfttton. 

Cmm. 

Leavenworth  ._ 

Omaha 

Yankton 

FortSuUy 

Bismark 

39"   19' 

41  16 

42  45 
44     39 
46    48 

813 
1045 
1296 
1687 
1677 

12 
6 

1 

35 

0 

The  first  three  stations,  together  with  the  fifth,  show  a 
steady  decline  in  the  intensity  of  the  heat  as  we  advance  north- 
ward ;  but  Fort  Sully  shows  temperatures  much  greater  than 
occur  at  stations  several  hundred  miles  southward.  At  this 
station  the  meteorological  instruments  are  located  within  the 
walls  of  the  fort,  and  the  thermometers  are  probably  influenced 
by  heat  reflected  from  dry  sand,  and  stone  walls.  This  seems 
to  be  the  most  probable  explanation  of  the  excessive  heat  re- 
ported at  Fort  Sully. 

Main-areas — their  form^  movements^  distribution^  etc. 

In  order  to  investigate  the  form  of  rain-areas ;  the  laws  which 
govern  their  movements,  and  their  relations  to  the  isobaric 
curves  I  selected  all  those  cases  during  a  period  of  fifteen 
months  (Sept.  1872  to  Nov.  1873)  in  which  at  least  two  inches 
of  rain  fell  at  one  station  in  eight  hours.  These  cases  were 
then  divided  into  two  classes,  one  containing  the  stations  south 
of  latitude  86°,  and  the  other  containing  the  stations  north  of 
latitude  86°.  The  following  table  exhibits  all  the  cases  which 
occurred  at  the  southern  stations.  Column  first  contains  the 
number  of  reference,  column  second  shows  the  day  and  hour  of 
observation  (the  numeral  one  denotes  the  7.35  A.  M.  observa- 
tion;  two  denotes  4.35  P.  M.,  and  three  denotes  11  P.  M.); 
column  third  shows  the  station  at  which  the  greatest  rain-fall 
was  observed;  column  fourth  shows  the  precise  amount  of  the 
rain :  column  fifth  shows  the  height  of  the  barometer  at  the 
same  station  ;  column  sixth  shows  the  direction  and  force  of  the 
wind  at  the  lsi.st  preceding  observation  ;  column  seventh  shows 
the  direction  and  force  of  the  wind  at  the  date  given  in  column 
second ;  column  eighth  shows  whether  the  direction  of  the 
winds  at  the  neighboring  stations  indicated  acycloidal  or  inward 
motion ;  column  ninth  shows  whether  there  was  any  local 
depression  of  the  barometer;  and  column  tenth  shows  whether 
there  was  a  high  or  a  low  barometer  on  the  north  side  of  the 
given  station. 

For  a  large  number  of  these  cases  I  have  drawn  upon  maps  of 
the  United  States,  the  curves  of  equal  rain-fall  for  each  fourth 
of  an  inch.  These  curves  show  that  when  there  is  only  one 
principal  center  of  precipitation,  the  form  of  the  rain-area  is 
nearly  circular,  and  its  diameter  varies  from  350  to  750  miles. 
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These  excessive  rain-falls  are  not  of  long  continuance,  but 
their  exact  duration  cannot  be  determined  from  the  observations. 
In  two  cases  (viz.,  Noa  8  and  42)  over  two  inches  of  rain  fell 
in  two  successive  periods  of  eight  hours  at  the  same  station ; 
and  in  a  few  other  cases  these  great  rain-fialls  were  followed 
during  the  next  eight  hours  by  a  fall  of  one  inch  or  more, 
either  at  the  same  station,  or  at  a  station  a  little  to  the  eastward. 
The  following  table  shows  all  the  cases  in  which  any  of  these 
heavy  rain-falls  were  followed  by  one  inch  of  rain  at  a  neigh- 
boring station  during  a  succeeding  period  of  eight  houra. 
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In  three  cases  we  find  three  successive  periods  of  heavy  rain- 
fall, and  in  two  cases  we  find  four  such  periods,  indicating  a  dura- 
tion of  heavy  rain  for  thirty -two  hours.  We  conclude  therefore 
that  great  rain-fa]ls  do  not  generally  continue  over  eight  hours, 
and  very  rarely  do  they  continue  for  twenty -four  hours,  either  as 
experienced  at  one  station,  or  in  succession  at  difierent  places. 

These  heavy  rain-falls  appear  to  result  from  the  unstable 
condition  of  the  different  strata  of  the  atmosphere.  When  the 
atmosphere  near  the  earth's  surface  becomes  unusually  heated 
it  tends  to  ascend ;  and  if  this  atmosphere  contains  a  large 
amount  of  aqueous  vapor,  its  specific  gravity  is  thereby 
diminished  and  it  has  a  much  stronger  tendency  to  ascend.  It 
thus  frequently  happens  that  the  atmosphere  is  in  a  state  of 
unstable  equilibrium,  and  a  slight  cause  is  sufficient  to  deter- 
mine a  strong  upward  movement  of  the  surface  air,  resulting  in 
a  precipitation  of  vapor.  When  air  in  this  unstable  condition 
has  a  movement  along  the  earth's  surface,  a  slight  inequality  of 
the  surface  may  be  sufficient  to  determine  an  upward  move- 
ment at  that  point  We  should  therefore  conclude  that  when 
a  current  of  warm  and  moist  air  flows  in  from  the  ocean  and 
impinges  upon  the  land,  a  strong  upward  movement  accom- 
panied by  neavy  precipitation  must  frequently  result  This 
conclusion  is  confirmed  oy  a  comparison  of  the  preceding  obser- 
vations. Among  the  stations  of  the  Signal  Service  south  of 
latitude  36°,  there  are  twelve  stations  situated  on  the  Atlantic 
coast  or  the  Gulf  of  Mexico.  At  these  stations  during  a  period 
of  fifteen  months  the  average  number  of  great  rain-falls  (two 
inches  in  eight  hours)  has  been  8*6.  Among  the  stations  of  the 
signal  service  south  of  latitude  36**,  there  are  also  five  inland 
stations,  whose  average  distance  from  the  coast  is  200  miles, 
and  during  the  same  period  the  average  number  of  great  rain- 
falls at  these  stations  nas  been  1*8 ;  that  is,  near  the  coast  great 
rain -falls  occur  twice  as  frequently  as  they  do  at  stations  in  the 
interior  at  a  distance  of  200  miles  from  the  coast 

Whenever  a  strong  upward  movement  of  the  air  commences, 
there  must  be  a  general  tendency  of  the  surrounding  air  toward 
this  point,  and  the  air  must  circulate  from  right  to  left  as  it 
does  in  great  storms.  Hence  every  great  rain-storm  should  be 
accompanied  by  an  inward  and  cycloidal  motion  of  the  air.  In 
about  two-thirds  of  the  preceding  cases  there  is  decided  evidence 
of  the  existence  of  such  a  cycloidal  movement,  and  in  most  of 
the  remaining  cases  there  are  some  indications  of  such  a  move- 
ment If  observations  could  be  obtained  from  a  sufficient 
number  of  stations,  it  is  believed  that  some  degree  of  cycloidal 
motion  would  be  indicated  in  every  case  of  heavy  rain-fall. 

The  depression  of  the  barometer  attending  these  minfalls 
was  generally  small,  nevertheless  in  several  cases  it  was  quite 
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appreciable.  At  the  time  of  the  observations  shown  in  the 
table  on  page  11,  the  average  height  of  the  barometer  was  less 
than  thirty  inches,  while  the  mean  height  throughout  the  year 
at  the  same  stations  was  nearly  80*10  inches.  That  a  cycloidal 
movement  of  the  air  should  produce  so  little  depression  of  the 
barometer  is  due  to  three  circumstances  ;  jSrst,  the  small  velocity 
of  the  wind  (averaging  less  than  nine  miles  per  hour)  ;  second, 
the  small  area  of  the  cycloidal  movement  (generally  about  500 
miles  in  diameter),  and  third,  the  proximity  of  the  stations  to 
the  equator.  According  to  Ferrel  s  formula  any  great  barome- 
tric depression  requires  a  strong  wind ;  the  cycloiaal  movement 
must  extend  over  a  large  area ;  and  the  depression  of  the 
barometer  is  proportioned  to  the  sine  of  the  latitude  of  the 
place.  In  about  half  of  the  preceding  cases  there  was  an  area 
of  low  barometer  prevailing  in  the  northern  portic»n  of  the 
United  States,  and  about  as  frequently,  there  was  an  area  of 
high  barometer  on  the  northern  side  of  the  station.  These 
different  conditions  appear  to  be  about  equally  favorable  to 
heavy  rain-falls. 

The  distribution  of  these  fifty-two  cases  by  seasons  was  as 
follows : 

Spring,  8;  Summer,  14;  Autumn,  14  and  12;  Winter,  4. 

We  thus  see  that  great  rain-falls  are  most  frequent  when  the 
heating  effect  of  the  sun's  rays  is  greatest  and  the  atmosphere 
contains  the  greatest  amount  of  vapor. 

The  distribution  of  these  cases  according  to  the  hours  of  the 
da}'  was  as  follows: 

At  the  7.35  a.  m.  obs.  19  cases. 
4.36  p.  M.  25     " 

11.00  p.m.  8     " 

The  intervals  between  the  observations,  which  for  convenience 
I  have  called  eight  hours,  are  in  fact  unequal.  Making,  how- 
ever, due  allowance  for  inequality  of  intervals,  it  seems  clear 
that  in  the  United  States,  south  of  latitude  36°,  heavy  rain-falls 
are  less  frequent  from  4.35  P.  M.  to  11  p.  M.,  than  during  the 
remainder  of  the  day.  If  we  knew  the  pre<3ise  time  of  beginning 
and  end  of  each  ram- fall  we  might  determine  the  precise  hour 
of  maximum  and  of  minimum  frequency  of  heavy  rain-falls. 

On  Plate  III  are  shown  the  curves  of  equal  rain-fall  for 
June  10,  1873,  being  No.  29  of  the  table  on  page  11.  The 
outer  curve  shows  the  extreme  limits  of  the  rain-area;  the  next 
curve  shows  the  limits  of  a  rain-fall  of  one  inch  ;  and  the  inner 
curve  shows  the  limits  of  a  rain-fall  of  two  inches.  The  arrows 
show  the  direction  of  the  wind  as  reported  at  4.85  P.  M.,  which 
is  presumed  to  have  been  about  the  time  of  the  commencement 
of  the  rain-falL     There  was  a  center  of  low  pressure  (29*71) 
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near  Lake  Ontario,  and  a  center  of  high  pressure  (S0'16)  near 
Charleston,  S,  C.  As  the  result  of  this  unequal  pressure, 
foutherl;  winds  generally  prevailed  throughout  the  Southern 
St&tes.  A  northwest  current  had  however  set  in  from  the 
neighborhood  of  Minnesota,  and  this  wind  had  reached  St. 
Louis  and  Fort  Gibson.  Tiie  temperature  at  St  Louis  was  71", 
while  at  Memphis  it  was  87°,  This  cooler  wind  from  the  north- 
west probahly  flowed  under  the  southeast  wind  from  Memphis, 
causing  it  suddenly  to  ascend,  and  thus  produced  a  rapid  pre- 
cipitation of  vapor. 

Rain-faU  oftvao  inelies  at  stations  north  of  lot.  36°. 
The  following  table  contains  all  the  cases  in  which  at  least 
two  inches  of  rain  fell  in  eight  hours  at  any  of  the  northern 
stations  from  SepL,  1872,  to  Nov.,  i873.  Column  Ist  contains 
the  number  of  reference;  column  2d  shows  the  day  and  hour 
of  observation;   column   3d   shows  the  station  at  which  the 
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greatest  rain-fall  was  observed ;  columa  4th  shows  the  precise 
amount  of  the  rain-fall ;  column  5th  shows  the  height  of  the 
barometer  at  the  same  station ;  column  6th  shows  the  direction 
and  force  of  the  wind  at  the  last  preceding  observation ;  column 
7th  shows  the  direction  and  force  of  the  wind  at  the  date  given 
in  column  2d ;  column  8th  shows  the  direction  of  the  rain 
center  from  the  nearest  center  of  low  pressure;  column  9th 
shows  the  distance  of  the  min  center  from  the  center  of  low 
pressure,  expressed  in  miles;  and  column  10th  shows  the 
height  of  the  barometer  at  the  center  of  low  pressure. 

In  all  of  these  cases  there  was  an  area  of  low  pressure  within 
the  limits  of  the  United  States,  and  generally  the  place  of 
greatest  rain-fall  was  within  the  cycloidal  movement  attending 
this  low  pressure.  The  distance  of  the  rain  center  from  the 
center  of  low  pressure  was  however  very  variable. 

Id  1 6  cases  the  distance  was  less  than  250  miles. 

6       "  "  between  250  and  500  miles. 

-b       "  "  between  500  and  750  miles. 

4       "  **  over  750  miles. 

In  the  two  cases  of  July  27th,  the  low  pressure  was  so  incon- 
siderable and  remote  as  to  exert  very  little  influence  upon  the 
winds  at  Philadelphia  and  Washington. 

We  thus  see  that  norih  of  lat  36**  great  rain-falls  generally 
occur  within  250  miles  of  a  center  of  low  pressure,  and  almost 
invariably  on  the  east  side  of  the  low  center.  In  two  of  the 
preceding  cases  (Nos.  12  and  31)  the  rain  center  is  stated  to  be 
west  of  the  low  center.  But  it  should  be  remembered  that  the 
rain-fall  occurred  during  the  eight  hours  preceding  the  date 
of  the  barometric  observation.  The  middle  of  the  rain-fall  may 
be  regarded  as  corresponding  to  a  date  four  hours  preceding 
the  barometric  observation,  and  during  these  four  hours,  the 
low  center  generally  advances  eastwam  100  miles.  We  may 
therefore  conclude  that  in  No.  31  the  principal  rain-fall  occurred 
when  the  rain  center  was  east  of  the  low  center.  In  No.  12  the 
principal  rain-fall  occurred  on  the  southwest  side  of  the  low  cen- 
ter, but  the  barometric  gradient  was  only  one-tenth  of  an  inch 
to  350  miles.  The  rain  center  occurs  as  frequently  in  the  N.E. 
quarter  from  the  low  center  as  it  does  in  the  S.E.  quarter. 

The  four  cases  in  which  the  rain  center  was  more  than  750 
miles  distant  from  the  nearest  center  of  low  pressure  were  Nos. 
6,  11,  20  and  21.  In  No.  6  a  distinct  local  cyclone  formed 
near  New  York,  accompanied  by  a  slight  local  depression  of 
the  barometer,  which  had  the  effect  of  urging  the  low  center 
eastward  with  extraordinary  velocity.  From  7.36  A.M.  to  4.35 
P.M.,  that  is,  in  nine  hours,  the  low  center  advanced  eastward 
900  miles,  although  the  greatest  velocity  of  the  wind,  recorded 
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Aoywhere  near  the  path  of  the  storm,  was  thirty-eight  miles  per 
hour  (on  Mt  Washington),  indicating  that  the  progi*ess  of  the 
low  center  was  not  due  wholly  to  the  transfer  of  air  from  west  to 
east,  but  rather  to  a  diminvHon  of  the  pressure  on  the  east  side 
of  the  low,  and  an  increase  of  the  pressure  on  its  western  side. 

In  No.  11  Lynchburg  was  somewhat  nearer  to  a  center  of 
high  pressure  than  of  low  pressure.  There  are  indications  that 
a  small  local  cyclone  formed  about  Lynchburg,  but  the  stations 
of  observation  are  too  few  to  show  this  conclusively. 

In  Nos.  20  and  21  the  rain  center  was  much  nearer  to  a  center 
of  high  pressure  than  of  low  pressure.  At  4.86  P.  M.  a  distinct 
local  cyclone  was  shown  about  Baltimore,  Washington,  and 
Cape  May,  but  the  cyclonic  area  was  of  small  diameter  and  its 
effect  upon  the  barometer  was  scarcely  appreciable. 

We  thus  see  that  great  rainfalls  may  occur  under  the  influ- 
ence of  an  area  of  high  pressure  as  well  as  of  low  pressure,  and 
when  they  occur  at  a  great  distance  from  a  low  center,  they  are 
generally  accompanied  by  a  distinct  local  cyclonic  movement 
of  the  atmosphere. 

Of  the  thirty -one  cases  included  in  the  preceding  table,  fifteen 
occurred  on  the  Atlantic  coast,  and  the  number  of  stations  of 
observation  upon  the  coast  was  eleven ;  which  shows  an  average 
of  1"87  to  each  station.  For  the  remainder  of  the  United  States 
there  were  sixteen  cases,  and  the  number  of  stations  was  fifty- 
nine,  showing  an  average  of  0*27  to  each  station.  Thus  we  see 
that  north  of  lat  36°  near  the  Atlantic;  coast,  great  rain-falls  are 
fU-e  times  as  frequent  as  in  other  parts  of  the  United  States  in 
the  same  latitude.  The  frequency  of  heavy  rain-falls  in  the 
neighborhood  of  the  great  laKes  is  not  sensibly  greater  than  at 
inland  stations  quite  distant  from  the  lakes. 

The  distribution  of  these  81  cases  bv  seasons  was  as  follows : 

Spring  3 ;  summer  16 ;  autumn  6  and  5 ;  winter  2. 

Showing  a  predominance  of  great  rain-falls  in  summer  even 
more  decided  than  at  the  southern  stations. 

The  distribution  of  these  cases  according  to  the  hours  of  the 
day  was  as  follows:  7*35  a. m.,  14  cases;  4'36  P.  M.,  9  cases;  11 
p.  M.,  8  cases. 

If  we  correct  these  numbei's  for  the  inequality  of  the  time 
intervals,  there  is  still  an  excess  of  cases  for  the  morning  hour 
of  observation. 

The  following  table  shows  all  the  cases  in  which  any  of  these 
heavy  rain-falls  were  followed  by  at  least  one  incn  of  rain 
during  a  succeeding  period  of  eight  hours. 

At  the  southern  stations,  out  of  fifty-two  cases  of  heavy  rain 
there  were  twelve  cases  in  which  heavy  rain  continued  through 
two  periods  of  eight  hours;  at  the  northern  stations  out  of 

Ax*  Jour.  Sci.— Third  Sbribs,  Vol.  XIII,  No.  78.— Jak.,  18T7. 

3 


18      E.  Loomif—JiesuUs  derived  from  an  examination  of  the 

tbirty-one  cases  there  were  thirteen  which  continued  through 
two  periods,  indicating  that  heavy  rains  are  of  lon^r  duration  at 
the  northern  stations  than  they  are  at  the  southern.  In  two  in- 
stances the  center  of  the  rain  area  apparently  moved  westward. 
Thus  on  the  morning  of  July  16tn,  tlie center  of  the  rain  area  was 
at  Marquette,  which  was  more  than  500  milea  eastward  of  the 
center  of  low  pi-essnre ;  but  in  the  afternoon  the  center  of  the 
rain  area  coincided  with  the  center  of  low  pressure ;  that  is,  the 
center  of  the  rain  area  moved  toward  the  northwest  So  also 
on  the  morning  of  May  1st,  the  center  of  the  rain  area  was 
more  thao  400  miles  eastward  of  the  center  of  low  pressure ;  in 
the  afternoon  the  center  of  the  rain  area  extended  southward; 
and  during  the  evening  it  extended  toward  the  southwest 
Caaea  ofh^aoy  rain  continuing  more  than  eight  hmart. 
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1-80 

New  Of  lew*. 

June    9-3i-9i 

St  Louig. 

10-1 

107 

St.  LouiB. 

10-2 

1-60 

IndiaoapoliK 

22-3  228 
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Fort  Oany. 
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BuRslo. 
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A.lig.  13-1  2-31 

Phaadelphla. 
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3-17 
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Portland,  Me, 
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19-3  2-2li     New  London. 

20-1 

l-flSi     Burlington. 

20-3 

l'38'Ut.Wi>8liltigtOD.I 

The  average  direction  and  force  of  the  wind  during  these  cases 
of  heavy  rain-fall  both  lor  the  southern  and  northern  stations 
was  as  follows : 


South  of  latitude  36°.     At  previous  obs. 

at  date. 
North  of  latitude  36".    At  previous  obs, 

at  date, 


Direction. 
N.  79"  E. 
N.  75"  E. 
S.  69°  E. 
S.  39°  E. 
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We  thus  see  that  both  at  the  northern  and  southern  stations 
heavy  rains  are  generally  accompanied  by  easterly  winds.  At 
the  northern  stations  southeast  winds  are  most  prevalent,  while 
at  the  southern  stations  northeast  winds  are  most  prevalent 
At  the  southern  stations  there  are  but  eleven  cases  in  which 
east  winds  are  not  reported  either  at  date  or  at  the  preceding 
observation.  These  exceptions  are  Nos.  4,  10,  18,  20,  25,  28, 
80,  34,  46,  48  and  50.  In  four  of  these  cases  the  force  of  the 
wind   was  reported   0;  in   two   of   them   it   was   reported   as 
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one  mile  per  hour;  in  two  cases  it  was  four  miles  per  hour ;  in 
one  case  it  was  five  miles;  in  one  case  eight  miles  and  in  one 
case  twelve  miles  per  hour.  We  thus  see  that  during  a  heavy 
rain-fall,  the  wind  either  blows  from  some  eastern  quarter,  or 
its  velocity  is  almost  invariably  small. 

At  the  northern  stations  there  are  but  eight  cases  in  which 
east  winds  are  not  reported  either  at  date  or  at  the  preceding 
observation.  These  exceptions  are  Nos.  2.  12,  16,  18,  20,  21, 
28  and  29.  Two  of  these  cases  occurred  on  the  summit  of  Mt 
Washington  ;  in  one  of  the  remaining  cases  the  velocity  of  the 
wind  was  0;  in  one  it  was  five  miles  per  hour;  in  one  it 
was  seven  miles;  in  two  it  was  eight  miles;  and  in  one  it  was 
twelve  miles  per  hour.  We  thus  see  that  at  the  northern  sta- 
tions as  well  as  at  the  southern,  during  a  heavy  rain-fall  the 
wind  blows  from  some  eastern  quarter,  or  its  velocity  is  almost 
invariably  small. 

On  Plate  III  are  shown  the  curves  of  equal  rain -fall  for 
Sept  23,  1872,  being  No.  1  of  the  table  on  page  15.  The  outer 
curve  shows  the  extreme  limits  of  the  rain  area  and  the  other 
curves  show  the  limits  of  a  rain  fall  of  one  inch  and  of  two 
inches.  The  arrows  show  the  direction  of  the  wind  at  7  A.  M., 
which  was  previous  to  the  middle  of  the  rain  fall.  There  was 
a  center  of  low  pressure  (29*85)  near  Omaha,  which  was  about 
west  of  the  center  of  the  rain  area  and  distant  from  it  660  miles. 
Near  the  Atlantic  coast  there  was  a  belt  of  high  pressure 
(30'25).     The  result  of  this  unequal  pressure  was  a  general 

trevalence  of  southeast  winds  throughout  a  large  part  of  the. 
[ississippi  valley.  Northerly  winds  commenced  blowing  from 
the  neighborhood  of  Lakes  Superior  and  Huron,  being  the 
result  of  a  lower  temperature  and  a  higher  pressure.  This 
colder  wind  from  the  north  probably  flowed  under  the  south- 
east wind  which  had  been  blowing  over  Lake  Michigan  and 
produced  that  strong  upward  movement  of  the  air  which  was 
followed  by  excessive  rain  at  Grand  Haven  and  Milwaukee. 

In  a  large  number  of  the  cases  in  the  table  on  page  15  the 
observations  show  that  a  southeast  wind  at  certain  stations  was 
opposed  by  a  westerly  or  northerly  wind  at  other  stations. 
This  opposition  or  interference  of  winds  generally  results  in  a 
cycloidal  movement,  and  the  observations  clearly  indicate  such 
a  movement  in  nearly  all  of  the  cases  in  the  table  on  page  15. 
When  the  rain  area  was  remote  from  the  center  of  low  pressure 
this  cycloidal  movement  was  local  and  limited  to  a  small  area 
and  did  not  generally  exert  a  decided  influence  upon  the 
isobaric  curves. 

In  preparing  the  materials  for  this  article  I  have  been  assisted 
bv  Mr.  Edward  S.  Cowles,  Ph.D.,  a  graduate  of  Yale  College 
of  the  class  of  1873. 
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Art.  II. — On  Some  Points  in    Connection  with  Vegetation :  by 

Dr.  J.  H.  Gilbert.* 

The  subject  of  vegetation  is  such  a  very  wide  one,  and  might 
be  treated  of  in  so  many  different  ways,  that  it  seems  desirable 
to  state  at  the  outset  what  is  the  scope,  and  what  are  the  limits, 
of  the  discussion  which  I  propose  to  bring  before  you.  I  pro- 
pose, then,  to  confine  attention  almost  exclusively  to  the  ques- 
tion of  the  /Sources  o/th^  nitrogen  of  vegetation  in  general^  and  of 
agricultural  production  in  particular,  I  propose  further  to  treat 
of  this  subject  mainly  in  the  aspects  m  which  it  has  forced 
Itself  upon  the  attention  of  Mr.  Lawes  and  myself  during  the 
now  thirty-three  yeara  of  our  agricultural  investigations;  and, 
also,  in  so  far  as  it  illustrates,  and  is  illustrated  by,  the  objects 
contributed  by  Mr.  Lawes  to  the  Exhibition  around  us 

Before  entering  upon  the  special  subject  matter  of  my  dis- 
course, I  must  claim  the  indulgence  of  those  present,  who  are 
already  well  acquainted  with  the  main  facts  of  the  chemistry  of 
vegetation,  while  1  call  attention,  very  briefly,  to  some  rather 
elementary  matters,  with  a  view  of  rendering  what  has  to  follow 
the  more  mtelligible  to  any  who  may  be  less  fully  informed  on 
the  subject 

When  a  vegetable  substance  is  burnt — as  a  familiar  instance, 
let  us  say  tobacco,  for  example — the  greater  part  of  it  is  dissi- 
pated, but  there  remains  a  white  ash.  The  ashes  of  crude  or 
unripe  vegetable  substances  are  found  on  analysis  to  contain 
most,  or  all,  of  the  following  constituents,  namely  : — 

Oxide  of  iron,  oxide  of  manganese,  lime,  magnesia,  potass, 
soda,  phosphoric  acid,  sulphuric  acid,  chlorine,  and  silica. 

Rarer  substances  than  tnese  are  also  sometimes  found.  Now, 
much  has  of  late  years  been  established  in  regard  to  the  occur- 
rence, and  the  offices,  of  some  of  these  substances  in  plants; 
but  I  do  not  propose  to  touch  upon  the  questions  herein 
involved.  It  will  suffice  further  to  say  in  regard  to  these  in- 
combustible, or  "mineral"  constituents,  that  the  ash  of  one  and 
the  same  description  of  plant,  growing  on  different  soils,  may, 
flo  long  as  it  is  in  the  growing  or  immature  state,  differ  very 
much  in  composition.  Again,  the  ashes  of  different  species, 
growing  on  the  same  soil,  will  dilBFer  very  widely  in  the  propor- 
tion of  their  several  constituents.  But  it  is  found  that  the  nearer 
we  approach  to  the  elaboration  of  the  final  products  of  the  plant 
— the  seed,  for  example — the  more  fixed  is  the  composition  of 
ash  of  such  products  of  one  and  the  same  species.     In  other 

*  An  addven  deliTered  at  Sooth  Kensington,  in  the  Chemical  Section  of  the 
Sdence  Conferences,  by  Dr.  J.  H.  GUbert,  F.B.S.,  F.L.S.,  F.C.a 


J.  H,  Oilbert — Points  in  connection  with  Vegetation.        21 

woixls,  there  is  very  little  variation  in  the  composition  of  the 
ash  of  one  and  the  same  description  of  seed,  or  other  final  pro- 
duct, provided  it  be  evenly  and  perfectly  matured.  This  fact 
alone,  independently  of  all  that  has  been  established  of  late 
years  in  regard  to  the  office  or  function,  so  to  speak,  of  indi- 
vidual mineral  constituents  of  plants,  would  be  sufficient  to 
indicate  the  essentialness  of  such  constituents  for  healthv 
growth ;  and  it  is  obvious  that  they  must  be  provided  withm 
the  soil. 

But  now  as  to  the  combustible  constituents — the  carbon,  the 
hydrogen,  the  oxygen,  and  the  nitrogen.  Leaving  out  of  con- 
sideration such  exceptional  cases  as  those  brought  to  light  in 
Mr.  Darwin's  beautiful  investigation  on  insectivorous  plants, 
and  also  the  sources  of  the  organic  substance  of  fungi,  and  per- 
haps of  some  forced  horticultural  productions,  it  may  be  stated, 
that  the  source  of  the  carbon  of  vegetation  generally  is  the 
carbonic  acid  existing  in  very  small  proportion,  but  in  large 
actual  amount,  in  the  atmosphere;  that  the  source  of  the 
hydrogen  is  water;  and  that  the  source  of  the  oxygen  may  be 
either  that  in  carbonic  acid,  or  that  in  water.  With  regard  to 
the  nitrogen  the  case  is,  however,  by  no  means  so  simple.  Not 
that  there  are  no  questions  still  open  for  investigation  in  regard 
to  the  assimilation  by  plants  of  their  incombustible  or  mineral 
constituents,  or  of  their  carbon,  their  hydrogen,  and  their  oxy- 
gen ;  but  those  relating  to  the  sources,  and  to  the  assimilation, 
of  their  nitrogon,  are  not  only  in  many  respects  of  more  impor- 
tance, but  seem  to  involve  greater  difficulties  in  their  solution. 

What,  then,  are  the  sources  of  the  nitrogen  of  vegetation? 
Are  they  the  same  for  all  descriptions  of  plants?  Are  they  to 
be  sought  entirely  in  the  soil?  or  entirely  in  the  atmosphere? 
or  partly  in  the  one,  and  partly  in  the  other? 

Amount  of  nitrogen  carried  down  by  atmospheric  precipitation. — 
As  the  combined  nitrogen  coming  down  from  the  atmosphere 
in  rain,  hail,  snow,  mists,  fog,  and  dew,  does  undoubtedly  con- 
tribute to  the  annual  yield  of  nitrogen  in  our  crops,  let  us  first 
briefly  consider  what  is  known  as  to  the  amount  of  it  annually 
so  coming  down  over  a  given  area  of  the  earth's  surface;  and 
as  we  are  here  discussing  the  subject  in  England,  I  will  adopt 
the  English  pound  as  the  unit  of  weight,  and  the  English  acre 
as  the  unit  of  area.  The  followino:  table  shows  the  amount  of 
nitrogen  coming  down  as  ammonia  and  nitric  acid  in  the  total 
rain,  hfiil,  snow,  and  some  of  the  minor  deposits,  during  the 
years  1853,  1855,  and  1856,  at  Rotliamsted  (Herts),  the  nitric 
acid  being  in  all  cases  determined  by  Mr.  Way,  and  the 
ammonia  in  some  cases  by  him,  and  in  others  by  ourselves: — 
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Table  I. — Combined  Nitrogen  in  Rain  and  Minor  Aqueous  Ikposits  ai  Rothamsted. 


• 

Nitrogen  per  acre,  per  annam,  Ibe. 

18S8. 

18S5. 

6-86 
0-77 

use. 

Mean. 

As  ammonia 

6-67 
(not  detennined) 

7-S6 
0-73 

6-46 
0-75 

7-21 

As  nitric  acid .. 

Total 

6*63 

8*58 

Numerous  determinations  of  the  ammonia  and  nitric  add  in 
rain,  and  the  other  aqueous  deposits,  have  been  made  in  various 
parts  of  France  and  Germany,  some  in  the  vicinity  of  towns, 
and  some  in  the  open  country.  Of  the  latter,  which  are  the 
most  to  our  purpose,  it  may  be  stated  that  those  of  Boussingault 
at  Liebfrauenbero:,  in  Alsace,  generally  indicate  a  larger  propor- 
tion of  the  nitrogen  existing  as  nitric  acid,  and  less  as  ammonia 
than  our  own ;  but,  upon  the  whole,  the  observations  in  the 
two  widely  separated  localities  mutually  confirm  one  another. 
Of  the  results  of  othei's,  in  other  localities,  some  show  about  the 
same  amount  of  combined  nitrogen  so  deposited  as  our  own, 
some,  however,  much  more,  and  some  mncn  less,  than  ours ; 
but  the  determinations  on  the  Continent  generally  show  a 
higher  proportion  of  the  total  combined  nitrogen  to  exist  as 
nitrates  than  those  in  this  country.  It  may  be  added,  that 
numerous  determinations  of  the  combined  nitrogen  in  rain,  dew, 
etc.,  collected  at  Rothamsted,  have  much  more  recently  been 
made  by  Professor  Frankland,  and  his  results,  which  are  pub- 
lished in  the  "Sixth  Report  of  the  Rivers  Pollution  Commis- 
sion," are  substantially  confirmatory  of  the  earlier  determina- 
tions, summarized  in  the  foregoing  Table,  but  upon  the  whole 
they  indicate  lower  amounts.  Lastly,  M.  Mari^-Davy  deter- 
mined the  ammonia  in  the  rain,  etc ,  collected  at  the  Meteoro- 
logical Observatory  at  Montsouris,  Paris,  during  the  last  six 
months  of  1876 ;  and  the  amount  of  ammonia  so  coming  down, 
even  within  the  walls  of  Paris,  represented  only  5*25  lbs.  of 
combined  nitrogen  per  acre,  or  only  10*5  lbs.  per  acre,  per 
annum.  M.  Mari^-Davy  did  not  make  a  complete  series  of 
determinations  of  the  nitric  acid  in  the  meteoric  watei*s,  but  his 
initiative  results  agree  with  the  experiments  of  othei-s  in  show- 
ing the  amount  of  combined  nitrogen  to  be  comparatively  small. 

Thus,  the  determinations  hitherto  made  oi  the  amount  of 
combined  nitrogen  coming  down  in  the  measured  aqueous 
deposits  from  the  atmosphere,  do  not  justify  us  in  assuming 
that  the  quantity  available  from  that  source  will  exceed  eight 
or  ten  lbs.  per  acre,  per  annum,  in  the  open  country,  in  Western 
Europa  It  should  be  observed,  however,  that  the  amount  of 
ammonia  especially  is  very   much  greater  in  a  given  volume 
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of  the  minor  aqueous  deposits  than  it  is  in  rain  ;  and  there  can 
be  little  doubt  that  there  would  be  more  ammonia  depasited 
from  them  within  the  pores  of  a  given  area  of  soil,  than  on  an 
equal  area  of  the  non-porous  even  surface  of  a  rain  gauge. 
How  much,  however,  would  thus  be  available  to  the  vegetation 
of  a  given  area  beyond  that  determined  in  the  collected  and 
measured  aqueous  deposits,  we  have  not  the  means  of  estimat- 
ing with  any  certainty.  On  the  other  hand,  numerous  inde- 
pendent determinations,  by  both  Dr.  Voelcker  and  Dr.  Frank- 
land,  of  the  nitric  acid  in  the  drainage-water  collected  from  land 
at  Bothamsted  which  had  been  many  years  unmanured,  lead  to 
the  conclusion  that  there  may  be  a  considerable  annual  loss  of 
nitrc^en  by  the  soil  in  that  way. 

Amount  of  nitrogen  deinved  by  crops  of  different  kinds  when  grown 
without  manure. — The  next  point  to  consider  is,  what  is  the 
amount  of  nitrogen  annually  obtained  over  a  given  area,  in 
different  crops,  when  they  are  grown  without  any  supply  of  it 
in  manure.  This  point  may  be  illustrated  by  the  results 
obtained  in  the  field  experiments  on  Mr.  Lawes'  farm  at 
Bothamsted,  which  have  now  been  in  progress  for  about  a  third 

Table  II. —  Yield  of  NUrogm  per  acrey  per  annum^  in  Wheats  Barley ^  and  Boot 

Oropgy  at  Rothamsted. 


Grop.4e. 


WhMt 


Condition  of  Manortng,  Ac. 


Unmanured. 


Bariej. 


Book 
OropE 


•  1 


Complex  Mineral  Manore. 


Unmanured. 


Complex  Mineral  Manure. 


f 
I 

1 
1 
1 
1 


Complex 

Mineral 

Manure. 


1 


Turnips  .. 

Barley 

^  Turnips  .. 

Sugar-beet 
[Total 


Dnrfttion 

of 

Experiment. 


8  jrs.  1844-'51 
12  yrs.  1852-'63 
12  yrs.  1864-'75 
24  yrs.  1862-'76 
32  yrs.  1844-'76 

12yrs.l862.*63 
12yr8.1864-'76 
24  yrs.  1862-^75 

12yrs.l862.'63 
12  yrs.  1864.'75 
24  yrs.  1852-'76 

12  yrs.  1852-'63 
12  yrs.  1864-75 
24  yrs.  1862-'76 


8  yrs.  1846-'52 
3  yrs.  1853-'56 

16  yrs.  1856.'70* 
6yrs.  1871.'75 

31  yrs.  1846-'76 


Areraffe 
Nltroipen 

per  acre, 
per  ananm. 


Ibn. 
25-2 
22-6 
15-9 
19-3 
20-7 

270 
17-2 
221 

220 
14-6 
18-3 

260 
18-8 
22-4 


42-0 
24-3 
18-6 
131 
26-8 


♦  Thirteen  years'  crop— two  years  failed. 
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of  a  century.     Table  II  shows  the  yield  of  nitrogen  per  acre, 

J)er  annum,  in  wheat,  in  barley,  and  in  root  crops,  each  grown 
or  many  years  in  succession  on  the  same  laud,  either  without 
any  manure,  or  with  only  a  complex  mineral  manure,  that  is 
supplying  no  nitrogen. 

beariug  in  mind  what  has  been  said  as  to  the  amount  of 
combined  nitrogen  known  to  be  annually  deposited  from  the 
atmosphere,  the  Bgures  in  Table  II  have  great  interest  and 
significance.  Thus,  over  a  period  of  thirty-two  years,  the  wheat 
has  yielded  an  average  of  20*7  lbs.  of  nitrogen,  per  acre,  per 
annum,  without  manura  But  if  we  look  at  the  quantities 
yielded  during  the  first  eight,  the  next  twelve,  and  the  last 
twelve  yejire  of  that  periocl,  it  is  seen  that  there  has  been  a 
gradual,  but  at  the  same  time  a  considerable  decline  in  the 
annual  yield.  From  this  it  would  appear  probable  that  the 
nitrogen  of  the  soil  derived  from  previous  accumulations,  is 
being  gi-adually  reduced.  Whether  or  not  the  whole  of  the 
excess  of  yield  over  that  available  from  the  rain,  and  other 
measured  aqueous  deposits  from  the  atmosphere,  is  due  to  pre- 
vious accumulations  within  the  soil,  and  is  therefore  inducing 
a  gradual  exhaustion  of  its  stock  of  nitrogen  to  that  extent,  we 
have  not  conclusive  evidence  to  show.  Determinations  of  nitro- 
gen in  samples  of  the  soil  taken  at  different  times  during  the 
course  of  the  experiments  do,  indeed,  show  an  appreciable  reduc- 
tion. It  is  probable,  however,  that  a  part  of  the  excess  of  yield 
is  due  to  condensation  of  ammonia  within  the  pores  of  the  soil, 
beyond  that  which  would  be  deposited  in  rain,  and  in  the  dew 
and  other  minor  deposits  condensed  on  the  non-porous  even 
surface  of  a  rain-gauge,  as  already  referred  to. 

Excluding  the  first  eight  years  of  the  growth  of  wheat,  it  is 
seen  that  while  over  the  next  twenty-four  years,  1852-1876, 
the  wheat  yielded  19*8  lbs.  of  nitrogen,  per  acre,  per  annum; 
the  barley  yielded  an  average  of  18*8  lbs.  over  the  same  period. 
Again,  during  the  first  twelve  of  the  twenty-four  years,  the 
wheat  yielded  22*6  lbs.,  and  the  barley  22  lbs.  ;  while,  during 
the  second  twelve  years,  the  yield  in  wheat  was  reduced  to 
15*9,  and  that  in  the  barley  to  14*6  lbs.  The  similarity  in  the 
yield  of  nitrogen  over  the  same  periods  in  these  two  closely 
allied  crops,  growing  in  different  fields,  is  very  striking,  though, 
upon  the  whole,  the  indication  is  that  the  autumn-sown  wheat 
has  accumulated  more  than  the  spring-sown  barley. 

It  is  next  to  be  observed  that  the  annual  use  of  a  complex 
mineral  manure  has  but  very  slightly  increased  the  yielil  of 
nitrogen  in  either  of  these  gramineous  crops;  and  it  is  probable 
that  the  increased  yield,  such  as  it  is,  is  derived  from  the  previ- 
ous accumulations  within  the  soil,  and  not  from  atmospheric 
sources. 
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To  sum  up  the  evidence  in  regard  to  the  sources  of  the  nitro- 
gen of  these  two  typical  gramineous  plants,  when  none  of  it  is 
supplied  to  them  oy  manure,  though  it  is  not  conclusively 
shown  whence  the  whole  of  it  is  derived,  it  would  at  any  rate 
appear  probable,  that  it  may  be  accounted  for  by  the  combined 
nitrogen  coming  down  in  rain  and  in  the  other  measured 
aqueous  de}>08its  from  the  atmosphere,  by  the  condensation  of 
the  ammonia  of  the  air  within  the  pores  of  the  soil,  and  by  the 
previous  accumulations  within  the  soil. 

Let  us  now  consider  what  is  the  yield  of  nitrogen  by  plants 
of  other  natural  families,  and  6rst  of  all  by  certain  so-called 
*'  root-crops'' — turnips  of  the  natural  order  Cruciferae,  and  sugar 
beet  of  the  order  Chenopodiacese.  On  this  point  we  have  the 
experience  of  thirty-one  years,  excepting  that  during  three  of 
those  years  barley  was  grown  without  any  manure  in  order  to 
equalise  the  condition  of  the  land  as  far  as  possible  before  re- 
arranging the  manuring,  »nd  during  twootheryears  the  turnips 
failed  and  there  was  no  crop. 

It  should  be  premised  that  when  root-crops  are  grown  with- 
out manure  of  any  kind,  there  is  after  a  liew  years  scarcely  any 
produce  at  all ;  and  hence  the  results  recorded  in  the  table  are 
those  obtained  by  the  use  of  mineral  manures,  but  without  any 
supply  of  nitrogen.  It  is  seen  that  during  the  first  eight  years 
of  turnips,  there  was  an  average  yield  of  42  lbs.  of  nitrogen  per 
at^re,  per  annum.  During  the  next  three  years  barley  yielded 
24'3  los.  annually.  During  the  next  fifteen  years,  thirteen  with 
Swedish  turnips,  and  two  without  any  crop,  there  was  a  yield 
of  18*5  Iba  per  acre  annually.  During  the  last  five  years  sugar- 
beet  yielded  18*1  lbs.  per  acre,  per  annum  Lastly,  over  the 
whole  thirty-one  years,  auring  which  there  were  three  crops  of 
barley,  two  vears  without  any  crop,  twenty -one  years  of  turnips, 
and  five  of  sugar-beet,  the  average  annual  yield  was  26*8  lbs. 
of  nitrogen. 

Here,  then,  we  have  a  reduction  to  less  than  one-third  during 
the  later  compared  with  the  earlier  years,  and  to  a  lower  point 
than  even  with  either  wheat  or  barley;  though,  during  the 
whole  period,  the  annual  yield  is  higher  than  with  either  of  the 
two  gramineous  crops.  It  may  be  mentioned  that  we  have 
other  experimental  evidence  showing  that  the  so-called  *•  root- 
crops"  exhaust  at  any  rate  the  superficial  layers  of  the  soil  of 
their  available  supplies  of  nitrogen,  more  completely  than  per- 
haps any  other  crop.  It  may  further  be  added  that  the  surtace 
soil  has  shown  during  recent  years  a  lower  percentage  of  nitro- 
gen than  that  of  any  of  the  other  experimental  fields.  We 
have  fair  grounds  for  concluding,  therefore,  that  if  in  the  cases 
of  the  wheat  and  the  barley  the  nitrogen  yielded  beyond  that 
retained  by  the  soil  from  the  direct  measurable  aqueous  deposits, 
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together  with  that  condensed  within  the  pores  of  the  soil  from 
the  aUnosphere,  be  derived  from  previous  accunaulations  within 
the  soil,  so  also  may  the  excess  of  yield  by  the  so-called  "  root* 
crops"  be  accounted  for. 

We  now  come  to  the  consideration  of  the  yield  of  nitrogen 
when  plants  of  the  leguminous  family  are  separately  grown,  or 
when  they,  and  plants  of  some  other  families,  are  grown  in 
alternation,  or  in  association,  with  the  Gramineae.  Table  III 
shows  the  results  obtained  with  beans,  and  with  clover;  with 
clover  and  barlev  grown  in  alternation;  and  .with  turnips, 
barley,  clover  or  beans,  and  wheat,  grown  in  an  actual  course 
of  ro tuition. 

Table  III. —  Yield  of  Nitrogen  per  acre^  per  annum  in  Beans,  in  Bed  Clover,  and 

in  Rotation. 


Cropfl,  Ac 


Beans     -• 


Clover 


Barley 
Clover 


Barley 


Rotation 
7  Courses 


Conditions  of  Manuring,  Ac 


Unmanured •< 

Complex  Mineral  Manure < 

Unmanured 

Complex  Mineral  Manure 

V  Unmanured -J 

^"— ^ U^rS 

Barley  after  Clover  more  than  after  ) 
Barley ) 

1  Turnips              1  f  Unmanured 

2  Barley                 I  J 

3  Clover  or  Beans  (  1   Superphoe- 

4  Wheat  J       [     phate 


Duration 

of 

Experiment. 


12  yrs.  1847-'58 
12  yrs.  1869-'70(*) 
24  yrs.  1847-'70 

12  yrs.  lH47-'58 
12  yrs.  1869.»70(*) 
24  yrs.  1847-'70 

22  yrs.  1849-'70(f> 
22  yrs.  1849-»70(t) 

1  yr.  187.3 
1  yr.  1873 

1  yr.  1874 
1  yr.  1874 


Avera8« 

Nitrogen 

per  aere, 

per  annum. 


28  yrs.  1848-'76 


28  yrs.  1847-*75 


Ibe. 
48-1 

14-6 

31-3 

61-5 
29-5 
46-5 

30-6 
39-8 

37-3 
161-3 

391 
69  4 

30-3 

36-8 


45-2 


Referring  first  to  the  results  obtained  with  beans  the  table 
showsthat  without  nnanure  there  was  an  annual  yield  over  the  first 
twelve  years,  1847-1858,  of  481  lbs.  of  nitrogen.  Over  the 
next  twelve  years  1859-1870,  it  was  reduced  to  14*rt  lbs.  per 
acre,  per  annum.  Still,  over  the  whole  period  of  twenty-four 
years,  we  have  an  annual  yield  of  31*8  lbs.,  or  more  than  one 
and  a  half  time  as  much  as  in  either  wheat  or  barlev. 

*)  Nine  years  Beans,  one  year  Wheat,  two  years  fallow. 

f )  Six  years  Clover,  one  year  Wheat,  three  years  Barley,  twelve  years  fallow. 
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Id  the  case  of  wheat  and  barley  it  was  seen  that  a  mixed 
mineral  manure  increased  the  yield  of  nitrogen  to  a  very  small 
degree  only.  Not  so  in  the  case  of  the  leguminous  crop,  beans. 
During  the  first  twelve  years  a  complex  mineral  manure,  con- 
taining a  large  amount  of  potass — I  call  attention  to  this  fact 
because  we  have  abundant  evidence  that  it  is  the  potass  chiefly 
that  is  effective — gave  61*6  lbs.  of  nitrogen  per  acre  per  annum 
against  48  1  lbs.  obtained  over  the  same  period  without  manure. 
During  the  next  twelve  years,  the  potass  manure  gave  29*5  lbs. 
against  scarcely  half  as  much,  or  14*6  lbs.  without  the  potass 
manure.  And  finally,  during  the  whole  period  of  twenty-four 
years,  the  potass  manure  has  given  45*5  lbs.  of  nitrogen  per 
acre,  per  annum,  against  81 '3  lbs.,  or  only  about  two-thirds  as 
much,  without  manure;  and  we  have  more  than  twice  as  much 
yielded  by  a  potass  manure  over  a  period  of  twenty-four  years 
with  beans  than  with  either  wheat  or  barley. 

Before  calling  attention  to  the  figures  relating  to  another 
leguminous  crop — red  clover — it  should  be  mentioned  that 
leguminous  crops  generally  are,  and  clover  in  particular  is, 
extremely  sensitive  to  adverse  climatal  circumstances;  but 
clover  is  pre  eminently  sensitive  to  soil  conditions  also.  Indeed, 
it  is  a  fact  well  recognized  in  agriculture,  that  few  soils  can  be 
relied  upon  to  grow  a  good  crop  of  clover  oftener  than  once  in 
about  eight  yeara;  and  many  soils  will  not  yield  it  so  fre- 
quently. It  will  not  excite  surprise,  therefore,  that  in  attempt- 
ing to  grow  clover  year  after  year  on  the  same  land,  we  have 
only  succeeded  in  getting  any  crops,  and  some  of  those  poor 
ones,  in  six  years  over  a  period  of  twenty-two.  Indeed,  the 
plant  failed  seven  times  out  of  eight  during  the  winter  and 
spring  succeeding  the  sowing  of  the  seed ;  when,  in  some  cases 
a  crop  of  wheat  or  barley  was  taken,  and  in  others  the  land  was 
left  lallow.  Hence,  over  a  period  of  twenty-two  years  we  have 
had  onlv  six  years  of  clover,  one  of  wheat,  three  of  barley, 
and  twelve  of  fallow.  Still,  the  annual  yield  of  nitrogen  over 
the  twenty-two  years  was  80*5  lbs.  without  any  manure,  and 
89*8  lbs.,  or  nearly  one  third  more,  by  mineral  manure  contain- 
ing potass.  Unfavorable  as  was  tliis  experiment  in  an  agricul- 
tural point  of  view,  still  it  is  seen  that  the  influence  of  the  inter- 
polation of  this  leguminous  crop  has  greatly  increased  the  yield 
of  nitrogen  compared  with  that  obtained  in  either  wheat  or 
barley  grown  continuously ;  and  that,  unlike  the  result  with 
tha«4e  crops,  a  potass  manure  has  here  again,  as  with  beans, 
greatly  increased  the  yield. 

Without  attempting  for  the  moment  to  discuss  the  probable 
source  or  sources  of  this  greatly  increased  yield  of  nitrogen  by 
leguminous  as  compared  with  gramineous  crops,  I  will  simply 
here  remark  in  passing  that  we  have  no  evidence  leading  to  the 
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conclusion  that  this  increased  assimilation  is  at  the  expense  of 
the  nitrogen  existing  at  any  rate  in  the  upper  layers  of  the  soil. 
In  fact,  such  initiative  results  as  we  have  relating  to  the  nitro- 

fjen  in  the  soil  of  the  experimental  bean  field,  would  rather 
ead  to  the  conclusion  that  the  better  the  crop  has  grown,  and 
the  more  nitrogen  it  has  assimilated,  the  richer  rather  than  the 
poorer  in  nitrogen  (as  indicated  by  the  soda-lime  method)  has 
the  surface  soil  become.  To  this  point,  however,  we  shall  have 
to  recur  presently  ;  but  in  the  meantime  let  us  first  refer  to  the 
yield  of  nitrogen  in  other  cases  in  which  leguminous  crops  have 
been  interpolated  with  others. 

It  is,  indeed,  well  known  that  the  growth  and  removal  of  a 
highly  nitrogenous  leguminous  crop  is  one  of  the  best  possible 
preparations  for  the  growth  of  a  gramineous  com  crop,  which 
characteristically  requires  nitrogenous  manuring.  A  striking 
illustration  of  this  apparent  anomaly  is  aftbrded  in  the  results 
next  in  order  recorded  in  Table  III. 

After  the  growth  of  six  corn  crops  in  succession  by  artificial 
manures  alone,  barley  was  grown  without  manure  in  1873  on 
one  portion  of  the  same  land;  and  on  another  portion  cL»ver 
was  grown.  It  is  calculated  that  there  were  taken  oft' in  the 
barley  87*3  lbs.  of  nitrogen,  and  in  the  three  cuttings  of  clover 
1613  lbs.  Yet,  in  the  next  year,  1874,  barley  succeeding  the 
barley  gave  89*1  lbs.,  and  barley  succeeding  the  clover  gave 
694  lbs.  of  nitrogen  ;  or  30'3  lbs.  more  after  the  removal  of 
151  3  lbs.  in  clover  than  after  the  removal  of  37*3  lbs.  in  barley. 
Nor  was  this  remarkable  result  to  be  explained  by  either  acci- 
dent or  «'rror.  For,  determinations  of  nitrogen  in  four  separately 
t:iken  samples  of  the  soil,  in  the  mixture  of  the  four,  and  in  the 
mixture  of  six  others,  taken  from  each  plot,  and  at  different 
depths,  all  concurred  in  showing  an  appreciably  higher  percent- 
age of  nitrogen,  especially  in  the  surface  soil,  nine  inches  deep, 
of  the  land  from  which  the  clover  had  been  removed  than  in 
that  from  which  the  barley  had  been  taken  ;  and  this  was  so, 
although,  in  every  case,  all  visible  vegetable  debris  had  been 
carefully  picked  out  Here,  then,  the  surface  soil  at  any  rate 
was  positively  enriched  in  nitrogen  (determinable  by  soda-lime) 
by  the  growth  and  removal  of  a  very  highly  nitrogenous  crop. 
It  may  be  mentioned  that  Dr.  Voelcker  has  obtained  results  of 
a  similar  character. 

The  results  next  to  be  considered  are  those  obtained  in  an 
actual  four-course  rotation  of  crops — namely,  turnips,  barley, 
clover  or  beans,  and  wheat.  The  experiments  have  been  con- 
ducted through  seven  such  courses ;  that  is  to  say,  over  a  period 
of  twenty-eight  years.  One  portion  of  the  land,  the  results 
relating  to  which  are  given  in  the  table,  has  been  entirely 
unmanured  during  the  whole  of  that  period,  and  the  other  has 
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©ceived  super-phosphate  of  lime  alone,  once  every  four  years 
—that  is  to  say,  for  the  turnips  commencing  each  course ;  but 
t  has  receivecl  no  other  manure  throughout  the  twenty-eight 
rears,  either  mineral  or  nitrogenous. 

Under  these  conditions — that  is  with  a  turnip  crop  and  a 
eguminous  crop  interpolated  with  two  gramineous  crops — we 
lave,  without  manure  of  any  kind,  an  average  of  36*8  lbs.  of 
litrogen  yielded  per  acre,  per  annum  ;  or  not  far  from  twice  as 
nuch  as  was  obtained  with  either  of  those  cereal  crops,  wheat 
>r  barley,  grown  consecutively.  With  super-phosphate  of  lime 
Jone,  which,  in  a  striking  degree  increased  the  )'ield  of  nitro- 
jen  in  the  turnips,  reduced  it  in  the  succeeding  barley,  increased 
t  greatly  in  the  leguminous  crops,  and  slightly  in  the  wheat 
mmediately  following  them,  we  have  the  average  annual  yield 
)f  nitrogen  raised  to  45*2  lbs.  per  acre,  per  annum,  over  the 
jwenty -eight  years ;  or  to  more  than  double  that  obtained  by 
irheat  or  Parley  grown  continuously  by  mineral  manures  alone. 
^nd  it  may  be  observed  that  where,  in  adjoining  experiments, 
lo  leguminous  crop  was  grown  between  the  barley  and  the 
prbeat,  but  the  land  was  fallowed  instead,  the  total  yield  of 
litrogen  in  the  rotation  was  very  much  less:  the  wheat succeed- 
ng  the  fallow  yielding  very  little  more  nitogen  than  that  suc- 
ceeding the  leguminous  crops  which  had  removed  so  much  of 
it  In  other  words,  the  removal  of  the  most  highly  nitrogenous 
crops  of  the  rotation—  beans  or  clover — has  been  succeeded  by 
I  growth  of  wheat,  and  assimilation  of  nitrogen  by  it,  almost  as 
freat  as  when  it  has  succeeded  a  year  of  fallow — that  is  to  say, 
I  period  of  accumulation  from  external  sources,  and  no  removal 
3y  crops. 

One  other  illustration  must  be  given  of  the  power  of 
plants  of  the  leguminous  and  some  other  families  to  assim- 
ilate more  nitrogen  over  a  given  area  than  those  of  the 
Gramineous  family.  But  before  pnt«*ring  upon  the  bearing  of 
the  results  in  question  on  this  particular  point,  it  will  be  neces- 
»ry  to  digress  a  little  to  call  special  attention  to  the  conditions 
of  the  experiments  under  whicn  the  results  were  obtained  ;  and 
it  is  the  more  desirable  to  do  this,  since  the  most  important  of 
Mr.  Lawes'  contributions  to  this  Exhibition  is  an  illustration  of 
the  results  I  am  about  to  refer  to. 

Effects  of  manure, — I  must  here  forestall  a  little  what  I  shall 
have  to  refer  to  more  fully  further  on,  as  to  the  eflFects  of  char- 
icteristically  different  substances  on  crops  belonging  to  different 
botanical  ^milies.  I  will  say  briefly,  then,  that  it  is  found 
that  nitrogenous  manures  have  generally  a  very  striking  effect 
in  increasing  the  growth  of  gramineous  crops  grown  separately 
on  arable  land,  such  as  wheat,  barley,  or  oats,  all  of  which  con- 
tain a  comparatively  small  percentage  of  nitrogen,  and,  as  has 
been  illustrated,  assimilate  a  comparatively  small  amount  of  it 
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over  a  given  area  when  none  is  supplied  to  them  in  manure. 
The  highly  nitrogenous  leguminous  crops,  on  the  other  hand, 
such  as  peas,  beans,  clover,  and  others,  are  by  no  means  char- 
acteristically benefitted  by  the  use  of  direct  nitrogenous 
manures,  such  as  ammonia-salts  or  nitrates,  though  nitrates 
act  much  more  favorably  than  ammonia-salts.  Again,  while, 
under  equal  conditions  of  soil  and  seasons,  mineral  without 
nitrogenous  manures  increjise  comparatively  little  the  poor-in- 
nitrogen  gramineous  crops  that  are  grown  separately,  such 
manures,  and  especially  potass-manures,  as  has  been  seen, 
increase  in  a  striking  degree,  the  growth  of  crops  of  the  legu- 
minous family  grown  separately,  and  coincidently  the  amount 
of  nitrogen  they  assimilate  over  a  given  area. 

Such,  then,  is  the  result  obtained  in  the  separate  growth,  on 
arable  land,  of  individual  plants  of  the  different  families. 
Now,  in  the  mixed  herbage  of  permanent  grass  land,  we  may 
have  fifty,  or  even  many  more  species  growing  together,  repre- 
senting nearly  as  many  genera,  and  perhaps  eighteen  or  twenty 
natural  orders  or  families.  Of  these,  the  Graminese  generally 
contribute  the  largest  portion  of  the  herbage;  and,  on  good 
grass  land,  if  the  Leguminosse  do  not  come  second,  they  are  at 
any  rate  prominent.  The  degree  in  which  other  orders  are 
represented  may  be  very  various  indeed,  according  to  soil, 
locality,  season,  and  other  circumstances.  In  Mr.  Lawes*  park, 
at  Eothamsted,  nearly  eighty  species  have  been  observed;  but 
of  many  only  isolated  specimens,  and  it  may  be  stated  generally 
that  about  fifty  species  are  so  prominent  as  to  be  found  in  a 
carefully  averagea  sample  of  the  hay  grown  without  manure. 

Experiments  on  the  influence  ot  different  manures  on  this 
mixed  herbage  were  commenced  in  1856;  at  which  time  the 
herbage  was  apparently  pretty  uniform  over  the  whole  area 
selected.  About  twenty  plots,  from  one-quarter  to  one-half  an 
acre  each,  were  marked  out,  of  which  two  have  been  left  contin- 
uously without  manure,  and  each  of  the  others  has  received  its 
own  special  manure,  and  as  a  rule  the  same  description  year 
after  year — and  the  experiments  have  now  been  conducted 
over  a  period  of  twenty  years. 

Under  this  varied  treatment,  changes  in  the  flora,  so  to 
speak,  became  apparent  even  in  the  first  years  of  the  experi- 
ments ;  and  three  times  since  their  commencement,  at  intervals 
of  five  vears— namely,  in  1862,  1867,  and  1872 — a  carefully 
averaged  sample  of  the  produce  of  each  plot  has  been  taken 
and  submitted  to  careful  botanical  separation,  and  the  percent- 
age, by  weight,  of  each  species  in  the  mixed  herbage  determined. 
Partial  separations  have  also  been  made  in  other  years. 

Mr.  Lawes  has  contributed  a  large  case  of  specimens  to  the 
exhibition,  which  shows  the  botanical  composition  of  the  herb- 
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ge  on  selected  plots  in  the  seventeenth  season  of  the  experi- 
nents  (1872).  The  quantities  of  the  different  plants  there 
ixbibited  represent  the  relative  proportion,  by  weight,  in 
rbich  each  species  was  found  in  the  mixed  produce  of  the 
lifferent  plots;  and  the  whole  illustrates  in  a  striking  manner 
he  domination  of  one  plant  over  another,  under  the  influence 
«f  diflFerent  manures,  applied  year  after  year  on  the  same  plot 

The  ffeneral  results  of  the  experiments  may  be  briefly  sum- 
narized  as  follows : — 

The  mean  produce  of  hay  per  acre  per  annum  has  ranged, 
m  the  different  plots,  from  about  twenty-three  cwt.  without 
nanure  to  about  sixty-four  cwt  on  the  plot  the  most  heavily 
nanured. 

The  number  of  species  found  has  generally  been  about  fifty 
m  the  unmanured  plots,  and  has  been  reduced  to  an  average 
>f  only  twenty,  and  has  sometimes  been  less,  on  the  most 
leavily  manured  plots. 

Species  belonging  to  the  order  Oraminece  have,  on  the  aver- 
age, contributed  about  sixty-eight  per  cent  of  the  weight  of 
;he  mixed  herbage  grown  without  manure;  about  sixty-five 
3er  cent  of  that  grown  by  purely  mineral  manures  (that  is, 
inthout  nitrogen);  and  about  nmety-four  per  cent  of  that 
prown  by  the  same  mineral  manures,  with  a  large  quantity  of 
immonia-salts  in  addition. 

Species  of  the  order  Leguminosce  have,  on  the  average,  con- 
tributed about  nine  per  cent  of  the  produce  without  manure, 
ibout  twenty  per  cent  of  that  by  purely  mineral  manures 
(containing  potass),  and  less  than  OOl  per  cent  of  that  by  the 
nixture  of  the  same  mineral  manures  and  a  large  quantity  of 
immoniacal  salts. 

Species  belonging  to  various  other  orders  have,  on  the  aver- 
ige,  contributed  about  twenty-three  per  cent  of  the  produce 
trithout  manure;  about  fifteen  per  cent  of  that  by  purely 
tnineral  manures,  and  only  about  six  per  cent  of  that  by 
the  mixture  of  the  mineral  manures  and  a  large  amount  of 
ammonia-salts. 

Not  only  the  amounts  of  produce,  but  the  number  and 
description  of  the  species  developed,  have  varied  very  greatly 
between  the  extremes  here  quoted,  according  to  the  particular 
character  or  combination  of  manure  employed,  and  to  the  char- 
acter of  the  seasons,  as  is  strikingly  illustrated  bysthe  arrange- 
ment of  the  specimens  in  the  case,  which,  however,  it  should 
be  borne  in  mind,  show  the  composition  of  the  herbage  on  the 
selected  plots  in  one  particular  season  only — namely,  in  1872. 

Obviously,  these  few  remarks  can  only  very  inadequately 
indicate  the  interest  of  these  curious  illustrations  of  the  dom- 
iaation  of  one  plant  over  another  in  the  mixed  herbage  of  per- 
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manent  grass  land.  Nor  do  we  pretend  to  be  able  to  give  a 
satisfactory  explanation  of  the  variations  induced,  founded  on 
the  obvious  or  recorded  diflereiice  in  above-ground  or  under- 
ground character  or  habit  of  growth  of  the  individual  species. 
The  whole  of  the  results — agricultural,  chemical,  and  botanical — 
obtained  during  the  twenty  years  of  the  experiments  are,  how- 
ever, now  in  course  of  arrangement  for  publication ;  and  that 
we  may  not  overlook  such  explanations  as  might  be  suorgested 
from  the  point  of  view  of  the  botanist  and  vegetable  physiolo- 
gist, as  well  as  that  of  the  chemist,  we  have  associated  with 
ourselves  Dr.  Masters  in  working  up  the  botanical  part  of  the 
inquiry;  and  I  think  Dr.  Masters  will  agree  with  me  in  saying 
that  much  more  has  yet  to  be  known  of  the  diflFerence  in  the 
physiological  capability,  so  to  speak,  of  the  leaves  of  plants  of 
aifferent  species,  genera,  and  orders,  and  of  the  difterenv?e  in 
the  distribution,  and  in  the  feeding  power,  of  the  roots,  before 
satisfactory  explanations  of  the  facts  observed  can  be  given. 
Surely,  a  wide  field  of  investigation  for  the  botanist  and  vege- 
table physiologist  is  here  opened  up  to  view  I 

(To  be  continued.) 


Art.  III. — Observations  on  a  property  of  the  Retina^  first  noticed 
by  Tait;  by  Ogden  N.  Rood,  Professor  of  Physics  in 
Columbia  College. 

In  the  Edinburgh  Proceedings,  1869-70,  vii.  p.  605-607, 
Tait  described  an  interesting  observation,  which  has  perhaps 
some  bearing  on  Thomas  Young's  theory  of  color.  While  suf- 
fering from  indisposition,  he  noticed  each  time  on  awakening 
from  a  feverish  sleep,  that  the  flame  of  a  lamp  seen  through  a 
ground-glass  shade,  assumed  a  deep  red  color,  the  effect  lasting 
about  a  second.  He  suggests  that  the  nerve  fibrils  in  the 
retina  also  partook  of  sleep,  and  on  awakening  the  green  and  vio- 
let nerves  resumed  their  function  somewhat  later  than  the  red. 
I  have  in  my  own  case  noticed  some  instances,  which  seem  to 
point  out  that  after  a  nervous  sluck^  sudden  or  prolonged,  the 
green  nerves  (adopting  the  theory  of  Young,)  recover  their 
activity  later  than  the  red,  and  probably  later  than  the  violet 
nerves.  The  first  observation  was  made  twenty  years  ago  while 
recovering  from  the  effects  of  chloroform,  which  had  been 
administered  by  a  dentist,  well  known  at  that  time  in  Munich. 
Upon  regaining  consciousness,  and  raising  my  eyes  to  the  face 
of  the  operator,  I  was  a  little  surprised  at  not  having  previously 
remarked  his  unusually  ruddy  complexion,  but  the  next  instant 
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that  this  was  due  to  an  optical  illusion,  for  his  hair 
eared  of  a  bright  purplish-red  hue.  The  singular  appear- 
e  lasted  perhaps  a  couple  of  seconds,  when  his  hair  resumed 
latural  color,  which  was  white.  This  observation  corresponds 
b  that  made  by  Tait. 

give  now  an  instance,  where  chronic  effects  of  a  similar 
racter  were  noticed  by  me  for  a  couple  of  weeks  continuously, 
ing  convalescence  from  typhoid  lever.  In  this  case  white 
ects  appeared  of  a  not  very  intense  orange-yellow  hue,  the 
eral  enect  on  a  landscape  being  such  as  is  produced  by  the 
nge-yellow  rays  of  the  setting  sun.  Here  the  activity  of  the 
Bii  and  violet  nerves  was  diminished  relatively  to  that  of  the 
.  The  auditory  nerve  was  also  evidently  affected  during 
same  period,  but  precisely  in  what  way  I  did  not  ascertain, 
t  is  a  matter  of  yearly  observation  with  me,  that  effects, 
liar  in  kind  with  those  first  noticed,  are  produced  by  pro- 

rd  exposure  to  bright  white  light  out  of  doors.     Under 
circumstances  white  objects  no  longer  appear  pure  white, 

are  tinted  plainly  purplish-red,  and  rather  dull  greens 
ime  a  gray  hue,  as  thougn  all  the  green  in  them  had  been 
tralized,  while  strong  greens  are  considerably  reduced  in 
jusity  (saturation.)  Upon  leaving  the  blinding  glare  and 
ering  a  darkened  room,  it  often  for  several  seconds  appears 
^  with  a  greenish  haze. 
?wo  of  these  cases  and,  probably  that  of  Tait,  point  out,  that 

apparatus  for  the  reception  of  waves  of  lignt  of  medium 
?th,  is  more  liable  to  be  over-strained  by  nervous  shocks  or 
prolonged  excitation,  than  is  the  case  with  those  designed 
the  reception  of  waves  of  greater  or  lesser  length.  Nervous 
angement  and  prolonged  excitation,  are  then  causes,  which 
Y  produce  temporary  green  color-blindness. 


T.   IV. — On  grains  of  Metallic  Iron  in  Dolerytes  from  New 
Hampshire;  by  George  W.  Hawes. 

?HE  presence  of  metallic  iron  in  certain  basalts  and  dolerytes 
been  repeatedly  proved.  It  was  first  shown  by  Dr. 
drews  that  it  was  contained  in  the  basalts  of  the  Uiant's 
iseway.*  Reuss  has  proved  its  presence  in  Bohemian 
alts;  and  in  this  country  it  has  been  found  in  the  Mesozoic 
erytes  of  New  Jersey  by  Cook.f 

Q  all  these  cases  the  iron  has  been  detected  by  a  microchem- 
method.     If  a  portion  of  a  rock  is  pulverized,  and  the 

*  Pogg.  Ann.,  1853,  Bd.  88,  p.  321. 

f  Cook,  Annual  Report  of  State  Geol.  Survej  for  1874,  p.  66. 

f.  Jour.  Sol,  Thibu  Skbibs— Vol.  XIII,  No.  73.— Jan.,  1877. 
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magnetic  constituents  withdrawn  by  passing  a  magnet  over  the 
powder,  any  metallic  iron  which  may  be  present  in  the  rock 
can  be  recognized  by  treating  this  magnetic  portion  with  an 
acid  solution  of  sulphate  of  copper  and  then  examining  it  with 
the  microscope  to  see  if  any  metallic  copper  is  precipitated.  If 
metallic  iron  is  present  it  exchanges  places  with  the  copper,  and 
crystalline  aggregates  of  metallic  copper,  easily  recognizable  by 
their  color  and  luster,  will  be  seen.  But  as  Dr.  Andrews  re- 
marked in  speaking  of  the  Ovifak  iron,  in  his  inaugural  address 
before  the  British  Association  last  summer,  it  has  never  been 
found  possible  to  detect  with  the  microscope  this  iron  which 
was  known  to  be  present  It  is  proposed  here  to  point  out  the 
mode  of  occurrence  of  visible  grains  of  metallic  iron  in  dole- 
rytes  from  New  Hampshire. 

Upon  the  Dry  river,  a  small  stream  which  gathers  its  waters 
from  Mount  Washington,  there  are  numerous  large  dikes  of 
chrysolitic  doleryte,  which  cut  through  the  old  crystalline 
rocks.  These  dolerytes  are  composed  of  labradorite,  pyroxene, 
chrysolite  and  magnetite,  with  a  little  mica;  and,  though  they 
contain  such  decomposable  materials,  the  rocks  are  remarkably 
fresh,  and  all  the  minerals  are  clear  when  looked  at  in  thin 
sections  with  the  microscope,  showing  no  signs  of  alteration. 
This  may  be  due  in  part  to  the  remarkable  compactness  of  the 
rock,  and  perhaps  more  to  the  great  freshets  in  the  spring  time, 
which  remove  any  soft  or  loose  material. 

Considering  that  the  circumstances  would  be  favorable  for 
the  preservation  of  metallic  iron  in  these  rocks  if  any  were 
originally  present,  I  tested  for  it  according  to  the  method  be- 
fore descrioed,  and  the  strength  of  the  reaction  was  surprising. 
The  magnetic  constituents  treated  with  sulphate  of  copper  ex- 
hibited  numerous  bright  crystalline  aggregations   of  copper 
which  were  plainly  visible  to  the  naked  eye.     The  reaction 
was  so  much  more  marked  than  any  that  I  had  obtained  in 
testing  the  trap  rocks  of  the  Connecticut  valley,  which  con- 
tain iron  when  not  altered  by  decomposition,  that  I  examined  ^ 
the  sections  to  ascertain   if  it  coula  not  be  seen   under  the  | 
microscope ;  and  I  found  on  shutting  off  the  light  from  the  ' 
mirror  below  and  examining  them  with  light   reflected  only  ■ 
from  the  section,  that  a  few  of  the  grains  of  magnetite  possessed 
a  bright  metallic  center,  which  had  the  luster  of  metallic  iron, 
and  which  was  very  marked  in  the  bluish-black  magnetite. 
Taking  an  unmounted  section  which  possessed  one  of  these 
grains  near  its  center,  I  treated  it  with  sulphate  of  copper, 
when  the  grain  was  covered  with  a  coat  of  copper,   proving  it 
to  be  iron.     The  following  figure  is  drawn  from  a  section  of 
the  rock,  and  represents  it  as  magnified  thirty  five  diameters. 
The  black  mineral  is  magnetite,  and  the  light  colored   spot  in 
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arge  grain  is  tbe  metallic  iron.  The  other  minerals  of  the 
are  as  follows:  The  white  mioeral  with  no  cleavage  bat 
with  irregular  fractures 
is  chrysolite  (C);  the  min- 
eral showing  an  inter- 
rupted cleavage  is  py- 
rojcene  (P);  the  shaded 
mineral  with  a  perfect 
L  cleavage  is  black  mica 
\  (M) ;  and  the  white  min- 
]  era!  which  is  clear  and 
j  shows  only  a  few  irapuri- 
/  ties  is  labradorite  (L). 
The  chrysolite  and  bio- 
tite  show  on  attempt  at 
regular  crystallization, 
while  the  other  ingredi- 
ents do  not  possess  any 
regular  external  form, 
the  labradorite  is  finely  striated  by  twinning,  and  this  pro- 
9  a  beautiful  effect  when  it  is  examined  with  polanzed 
.  The  magnetite  is  extremely  magnetic,  and,  on  being 
rated  from  the  other  material  by  a  magnet,  the  grains  retain 
netism  and  become  little  lodestones,  and  several  quite 
!  grains  can  be  drawn  along  t<^ether  with  the  end  of  a 
num  wire.  These  rocks  form  a  part  of  the  series  that  will 
escribed  in  the  third  part  of  the  report  of  the  New  Hamp- 
:  Geological  survey. 

has  been  supposed  that  the  metallic  iron  of  basalts  results 
the  agency  of  carbon  or  some  reducing  agent,  which  act- 
>n  the  magnetic  iron  at  a  high  temperature  has  reduced  a 
:on  of  it  to  the  metallic  state  The  presence  of  this  iron  in 
centers  of  the  irregular  grains  of  magnetite  seems  to  indi- 
that  the  magnetite  in  this  rock  may  have  resulted  from 
)xidation  of  the  iron. 
itB«ld  Labontoiy,  New  Haven,  Coan. 


.   V. — On   certain    Phenomena   of  Binocular    Viaioti  ;*   by 
Fkancis  E.  Nifheb. 

is  possible  that  the  phenomena  here  described  may  have 
I  observed  before,  but  I  have  been  unable  to  find  any 
rd  of  them. 

Fold  a  sheet  of  writing  paper  into  a  tube  about  an  inch 
iameter.  Look  through  the  tube  at  some  distant  object 
*  BMd  before  tbe  St.  Louie  Academy  of  Sdeuce,  Kov.  6th,  1S16. 
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with  one  eye,  and  toward  the  open  hand  with  the  other  eve, 
the  edge  of  the  hand  being  in  contact  with  the  tube.  The 
dissimilar  objects  producing  unlike  images  upon  the  retinae,  the 
sensations  blend  and  a  hole  will  appear  to  be  cut  through  the 
palm  of  the  hand,  through  which  the  tube  passes.  That  part 
of  the  tube  between  the  eye  and  hand  will  appear  to  be  trans- 
parent, as  though  the  hand  wers  seen  through  it 

This  experiment  is  very  old,  but  seems  not  to  have  found  its 
way  into  scientific  literature. 

2.  Eeplace  the  hand  by  a  sheet  of  unruled  paper,  upon  which 
a  drop  of  ink  has  been  placed.  By,  proper  management,  the 
ink  blot  may  be  made  to  appear  within  the  tube,  by  so  plac- 
ing the  paper  that  the  hole  which  is  apparently  cut  through  it, 
coincides  with  the  blot.  Ordinarily  the  blot  will  then  appear 
opaque,  the  paper  immediately  around  it,  and  apparently  within 
the  tube,  being  invisible.  The  blot  appears  as  it  were  suspended 
in  space.  By  concentrating  the  attention  strongly  on  objects 
seen  through  the  tube,  especially  if  they  are  strongly  illumin- 
ated, the  blot  becomes  more  hazy,  transparent,  and  may  even 
be  made  to  disappear  altogether.  The  mental  eflbrt  necessary 
to  do  this  cannot  be  maintained  more  than  a  few  seconds,  and 
the  spot  will  reappear.  If  the  effort  to  cause  the  spot  to  thus 
disappear  be  kept  up,  the  attention  being  strained  to  its  highest 
pitch,  the  blot  will  disappear  and  reappear  at  regular  intervals 
of  a  few  seconds,  the  absolute  time  depending  upon  the  illumina- 
tion. It  seems  as  though  the  organs  exerted  oecome  fatigued, 
and  relaxing  for  a  few  moments,  refreshment  sets  in,  which 
again  renders  possible  the  exertion  necessary  in  causing  the 
blot  to  disappear.  It  is  possible  that  these  experiments  may  be 
so  made  as  to  throw  some  light  upon  the  conditions  necessary 
in  fixing  the  attention.  Interesting  experiments  may  also  be 
made  by  substituting  a  fragment  of  a  plane  mirror  for  the  sheet 
of  paper.  Looking  through  a  rather  large  tube  at  a  distant 
object  with  the  right  eye,  and  the  reflected  image  of  the  left 
eye  will  appear  staring  up  the  tube,  the  adjoining  parts  of  the 
head  being  invisible. 

8.  Substituting  for  the  ink-blot  a  small  hole  cut  through  the 
paper,  the  small  hole  can  also  be  made  to  appear  within  the 
tube,  distinguishing  itself  by  its  different  illumination,  the  sur- 
rounding paper  being  invisible,  unless  attention  be  directed  too 
strongly  to  tne  paper  in  which  the  hole  is  cut  The  relative 
illumination  of  the  small  hole,  and  the  space  immediately 
around  it  depends  upon  the  relative  illumination  of  objects  upon 
which  the  tube  is  directed,  and  that  of  the  sheet  of  paper 
exposed  to  the  other  eye. 

4.  Keeping  the  same  arrangement,  place  at  a  distance  of  one 
foot  from  the  end  of  the  tube  a  sheet  of  paper  so  that  objects 
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beyond  it  are  still  visible — arrange  matters  so  that  it  is  visible 
to  the  eye  looking  through  the  tube,  but  not  to  the  other, 
directed  at  the  small  hole  in  the  paper  sheet  This  second  sheet 
will  now  appear  to  be  traversed  by  a  hole  the  same  in  size  as 
that  cut  through  sheet  Na  1. 

Cutting  a  small  hole  in  sheet  No.  2,  matters  are  easily 
arranged  so  that  it  appears  within  the  hole  which  was  before 
seen  within  the  tube.  These  experiments  may  be  utilized  in 
showing  the  simultaneous  accommodation  of  the  two  eyes. 

5.  Tubes  of  this  kind,  blackened  on  the  inside  are  very 
convenient  in  studying  color  sensations.  Using  two  such  tubes, 
look  through  one  with  the  right  eye,  say,  at  red,  through  the 
other  with  the  left  eye  at  green  paper,  illuminated  by  the  direct 
solar  ray.  The  color  sensations  fade  with  marvelous  quickness. 
Transferring  both  eyes  to  either  color,  say  red,  the  eye  fatigued 
by  green  sees  the  red  greatly  intensified,  the  effect  being 
rendered  the  more  striking  by  the  simultaneous  impressions 
received  by  the  two  eyes.  Experiments  in  the  combination  of 
color  sensations  will  readily  suggest  themselves. 

The  editor  of  the  Scieniific  American  has  written  something 
qaite  similar  to  some  parts  of  this  communication  (Oct  14),  but 
a  comparison  of  it  with  my  short  note  in  Nature^  Aug.  10th, 
will  show  that  I  am  not  the  borrower. 


Abt.  VI. — Notes  on  the  Vespertine  Strata  of  Virginia  and  West 

Virginia  ;  by  WILLIAM  M.  FoNTAlNB. 

Structure  and  geographical  distribution. 

The  eastern  border  of  the  unbroken  area  occupied  by  the 
Vespertine  in  the  two  Virginias  may  be  taken  as  limited  by 
the  Main  Alleghany,  in  the  northern  and  middle  portions  of 
the  area  in  question,  and  in  the  southern  portion,  by  Peter*s 
and  East  Biver  Mountains. 

As  Prof.  Wm.  B.  Rogers  has  shown,  the  rocks  of  the  Vesper- 
tine, or  No.  X,  compose  the  middle  portion  of  the  Main 
Alleghany  from  the  Potomac  to  Pocahontas  county.  This  range 
of  mountains,  for  some  distance  south  of  the  Potomac,  is  called 
**  the  Eastern  Front  Ridge  of  the  Alleghany,"  while  from  the 
northern  part  of  Pendleton  county  to  the  southeastern  corner 
of  Greenbrier  county,  it  bears  the  name  "Alleghany.'' 

North  of  Pocahontas,  according  to  Prof.  Rogers,  the  range 
shows  principally  monoclinal  westerly  dips.  The  flexures  here 
are  comparatively  broad  and  gentle.  Hence  the  Vespertine 
and  associated  strata  first  dip  gently  westward,  and  then  pass 
into  a  series  of  undulations,  which  extend  nearly  to  the  Ohio 
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Biver,  declining  more  and  more  in  abruptnes&  Owing  to  tbe 
increasing  depth  to  which  they  are  buried,  the  Vespertine 
strata  are  rarely  brought  to  the  surface  in  that  direction  by  the 
flexures. 

As  we  go  south  of  Pocahontas  the  westward  thrust  which 
has  affected  this  region,  causes  an  increased  elevation  and  flex- 
ing of  the  rocks.  The  structure  of  the  Alleghany  passes  from 
monoclinal  to  anticlinal,  with  increasing  steepness  of  dip,  so 
that,  in  the  vicinity  of  the  White  Sulphur  Springs,  where  pen- 
etrated by  the  tunnel  for  the  Chesapeake  &  Ohio  Railroad,  the 
strata  stand  nearly  vertical. 

Lower  and  lower  ixxjks  enter  into  its  composition,  in  passing 
southward.  As  Rogers  has  shown,  in  the  north,  where  mono- 
clinal dips  prevail,  the  lowest  rocks  seen  in  the  east  face  of  the 
mountain  are  those  of  No.  IX  or  Catskill?.  But  near  the 
White  Sulphur,  the  core  of  the  mountain  is  composed  of  tbe 
lowest  Chemung,  and,  probabljr,  Hamilton  strata. 

The  development  or  an  anticlinal  structure,  with  increasing 
steepness  of  dip  in  passing  southward,  has  had  the  effect  of 
causing  a  belt  of  Vespertine  rocks  to  be  brought  down  on  the 
east  side  of  the  mountain,  and  caught  in  a  synclinal  fold.  This 
gives  us  the  small  coal  beds  seen  near  the  Lewis  Tunnel. 
At  the  same  time  the  increase  in  the  elevation  and  flexing  <rf 
the  strata  southward  from  the  northern  part  of  Pocahontas 
county  has  brought  up  rocks  lower  than  the  Catskill  ?,  not  only 
in  the  Alleghany  but  over  a  belt  about  ten  miles  wide  to  the 
west,  so  that  the  east  limit  of  the  unbroken  Vespertine,  is 
thrown  off  to  the  western  side  of  this  area. 

This  belt  shows  strata  all  the  way  in  the  series,  from  the 
Oriskany  to  the  Vespertine.  The  former  barely  appears  in  the 
lowest  eroded  places,  and  the  latter  shows  merely  small  uneroded 
remnants  of  its  lower  portion.  In  the  vicinity  of  the  White  Sul- 
phur Springs,  the  strata  throughout  this  area  seem  to  be  dis- 
posed in  closed  and  contorted  anticlinals  overturned  to  the 
westward,  which  are  separated  by  comparatively  broad  belts,  in 
which  the  beds  show  moderately  steep  dips. 

This  disturbed  belt  is  separated  by  a  hne  of  fault  from  the 
Vespertine  strata.  Here  the  transition  is  very  abrupt,  to  a 
region  which  shows  remarkably  little  disturbance.  Prof.  Rogers' 
description  of  the  geology  of  the  eastern  comer  of  Monroe 
county  would  seem  to  show  that  the  elevation  of  strata  lower 
than  the  Vespertine  in  the  Alleghany,  and  the  belt  to  the  west 
of  it,  is  not  maintained  beyond  the  northeastern  border  of  this 
county;  for  there  we  find  that  the  eastern  outcrop  of  the  Ves- 
pertine area  has  closed  in  upon  the  Alleghany,  while  within 
the  county  this  mountain  chain  is  continued  in  Little  Moun- 
tain, whicn  is  composed  of  upturned  Vespertine  strata. 
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With  this  disappearance  of  the  elevated  belt  of  disturbed 
Devonian  strata,  the  fault  which  bounded  it  on  the  west  also 
vanLshes,  but  is  succeeded  by  a  much  more  important  one, 
which  begins  some  distance  to  the  east  of  the  termination  of 
the  Allegany,  in  the  northeastern  edge  of  Monroe  county. 
The  rapid  increase  in  the  magnitude  of  tnis  fault  to  the  south* 
west  soon  swallows  down  the  Devonian  beds  of  the  Alleghany, 
with  their  overlying  bands  of  Vespertine  coal  beds,  and  brings 
the  eastern  outcrop  of  the  Vespertine  close  to  Lower  Silurian 
strata.  This  fault,  which  runs  not  far  to  the  west  of  Peters's  and 
East  River  Mountains,  bounds  the  Vespertine  outcrop  in  that 
direction. 

Every  observer  who  has  examined  the  structure  of  the 
country  to  the  east  and  west  of  this  &ult,  in  the  region  extend- 
ing from  Monroe  county  to  the  southwest,  has  been  struck  with 
the  remarkable  difference  in  the  amount  of  disturbance  exhib- 
ited by  the  strata  on  the  opposite  sides  of  it.  Prof.  Lesley  has 
S'ven  an  excellent  account  of  the  condition  of  the  country  to 
e  southeast  of  the  fault  above  mentioned.  The  entire  area  here 
has  been  fractured,  displaced,  and  folded,  showing  a  truly  as- 
tonishing amount  of  disturbance.  On  the  northwest,  or  western 
side,  we  find  the  beds  sometimes  with  their  edges  upturned,  but 
they  pass  into  an  almost  horizontal  position  in  a  short  distance 
to  the  west  This  is  well  shown  in  Prof  Lesley's  section  of 
Stone  Mountain,  where  the  conglomerate  series  is  thus  affected. 
Pro£  Sogers,  in  his  section  of  the  strata  in  the  northeast  corner 
of  Monroe  county,  gives  a  good  example  of  this  condition  of 
things.  Here  the  partially  overturned  beds  of  the  Vespertine 
and  Umbral,  lying  in  the  immediate  vicinitjr  of  the  fault, 
rapidly  come  down  to  nearly  a  horizontal  position.  In  my  ac- 
count of  the  section  near  Greenbrier  River,  a  similar  structure 
will  be  shown.  But  here  the  line  of  fault  separating  the  dis- 
turbed from  the  undisturbed  region,  is  a  minor  one,  developed 
by  the  rise  of  the  Devonian  belt  near  the  White  Sulphur 
Springa 

While  the  direction  of  this  fault  is  thrown  more  in  a 
northerly  direction,  and  hence  farther  to  the  west  than  that 
of  the  one  above  described,  yet  it  occupies  the  same  relative 
position,  and  performs  the  same  office,  viz:  that  of  checking 
the  propagation  of  the  disturbance  through  the  strata  to  the 
west  of  it  This  fault  does  not  seem  to  continue  far  north, 
certainly  not  beyond  Pocahontas  county. 

The  country  everywhere  to  the  west  of  these  last  lines  of 
fault,  from  Greenbrier  county  nearly  to  the  Tennessee  line, 
with  the  exception  of  a  few  undulations  and  disturbances  in 
the  vicinity  of  the  fault,  shows  a  prevailing  northwest  dip,  as 
far  as  the  Ohio  River,  which,  as  we  go  in  that  direction,  brings 
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us  upon  higher  and  higher  strata.  This  r^ion  may  then  be 
regarded  as  an  eroded  plateau,  sloping  from  the  east  toward 
the  Ohio  River.  The  mountains  laia  down  as  existing  in  this 
region  are  simply  uneroded  remnants  of  higher  and  softer 
strata,  resting  upon  a  basal  plane,  formed  by  lower  and  harder 
ones,  such  as  the  Lower  Carboniferous  Limestone,  and  the 
sandstones  of  the  Conglomerate  Series. 

I  have  attempted  to  give  some  account  of  the  topography  of 
this  part  of  the  State  of  West  Virginia,  in  the  **b^urces  of 
West  Virginia,"  recently  published  under  the  direction  of  the 
"State  Board  of  Centennial  managers." 

North  of  Pocahontas  county  the  flexures  along  the  east 
border  show  no  fault,  but  are  propagated  with  diminishing 
force  far  to  the  west  In  this  quarter  the  most  westerly  fault 
is  the  great  one,  running  along  the  west  side  of  the  great  Lower 
Silurian  limestone  valley  of  Virginia,  The  Professors  Rogers, 
in  their  discussion  of  the  structure  of  the  Appalachian  Belt  in 
the  Virginias,  have  well  shown  the  gradation  of  folds,  in  the 
northern  part  of  the  area  in  question,  into  faults  in  the  south- 
ern part.  In  passing  south  the  anticlinals  become  closed,  then 
overturned  to  the  west,  and  finally  fractured.  This  feature  is 
shown,  as  I  have  explained  above,  in  the  Devonian  area  near 
the  White  Sulphur. 

An  inspection  of  the  map  of  the  Virginias  will  show  that  the 
straight  mountain  chains  which  extend  from  the  southern  part 
of  the  two  states  in  a  northeasterly  direction  to  the  northeastern 
corner  of  Monroe  county,  are  then  thrown  farther  west,  and 
made  to  take  a  north-northeasterly  direction.  The  more  south- 
erly chains  are  produced  by  resistant  strata,  brought  up  along 
lines  of  fault,  the  more  northerly,  by  folds. 

The  following  seems  to  me  to  be  the  course  of  events,  which 
resulted  in  the  production  of  the  present  structure  of  the  coun- 
try : 

The  westward  thrust,  which,  at  the  close  of  the  Carbonifer- 
ous Age,  uplifted  the  Appalachian  Belt,  found  the  strata  along 
its  present  western  boraer,  for  some  distance  south  of  the 
Potomac,  with  their  power  of  resistance  comparatively  unim- 
paired by  any  previously  existing  tension.  Consequently,  the 
undulations  arising  from  the  thrust  were  propagated  far  to  the 
west  But  to  the  south  the  case  was  different  The  western  edge 
was  already  weakened  by  the  tension  produced  by  the  develop- 
ment of  the  deep  trough,  in  which  the  lower  Carboniferous  strata 
were  deposited,  and  this  tension  increased  with  the  increased 
depth  of  this  trough  to  the  south.  Hence,  we  find  first  the 
development  of  a  minor  fault  along  the  eastern  side  of  Green- 
brier county,  which  relieved  the  strata  to  the  west  of  it,  in  a 
great  measure,  from  the  westward  thrust 
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Passing  south,  into  still  more  weakened  strata,  the  sudden  de- 
velopment of  the  great  fault  near  the  Sweet  Springs,  in  Monroe 
county,  to  the  east  of  the  southerly  prolongation  of  the  Alle- 
ghany, in  like  manner  relieves  the  country  to  the  west  from 
the  upheaving  force,  causing  the  All^hany,  and  the  contorted 
belt  on  its  west,  to  disappear,  and  the  mountain  chains  to  as- 
sume a  more  easterly  course.  From  this  point  southward,  in 
the  region  of  greatest  tension,  the  fractures  are  more  profound 
and  numerous.  Any  residual  impulse,  unrelieved  by  the  faults, 
seems  to  have  been  exhausted  in  producing  flexures  in  the  im- 
mediate vicinity  to  the  west  of  tne  fault,  and  in  raising  the 
eastern  border  of  the  great  coal  field  as  a  whole,  producing  a 
gentle  westerly  dip  toward  the  Ohio. 

No  doubt  the  great  freedom  of  this  area,  thus  tilted,  from 
flexures  of  any  magnitude,  is  due  in  part  to  the  great  develop- 
ment of  massive  sandstones  in  the  lower  Vespertine,  and  in  the 
conglomerate  series  in  this  section,  which  would  produce  great 
rigidity. 

A  somewhat  detailed  explanation  of  the  connection  supposed 
to  exist  between  the  faulted  and  folded  portions  of  the  country, 
and  the  deep  trough  occupied  by  the  lower  strata  of  Carbon- 
iferous age,  has  been  ffiven  in  the  above  named  **  Resources  of 
West  Virginia,**  in  the  chapter  by  Mr.  Maury  on  the  "Coal 
Fieldof  West  Virginia." 

The  Vespertine  strata  occurring  to  the  east  of  the  limit  men- 
tioned at  the  beginning  of  this  article,  are  found  in  detached 
belts  and  patches,  mostly  of  small  extent  As  might  be 
expected,  from  the  above  account  of  the  structure  of  the  coun- 
try, in  the  northern  and  middle  portions,  they  occupy  usually 
the  lower  parts  of  synclinal  folds,  while  in  the  southern  portion, 
they  are  confined  to  the  vicinity  of  faults.  In  each  case  they 
are  more  commonly  found  along  the  flank,  or  at  the  foot  of  a 
mountain,  formed  by  the  more  resistant  lower  portion  of  the 
Ves[>ertine,  or  underlying  strata. 

The  following  are  the  more  important  of  these  belts,  and  the 
only  ones  which  I  propose  to  notice,  since  they  may  be  taken 
as  true  representatives  of  all  the  areas  to  be  found  in  the  region 
where  they  exist 

1.  The  belt  mentioned  above,  as  occurring  on  the  east  flank 
of  the  Alleghany  Mountain,  near  the  White  Sulphur  Springs. 
This  belt  contains  the  coal  strata  and  plant  impressions  seen  at 
Lewis  Tunnel.  It  is  especially  instructive,  since  it  shows  the 
strata  lyingimmediately  above  the  Chemung,  as  well  as  the  junc- 
tion of  these  last  with  the  lower  portion  of  the  Vespertine.  All 
the  strata  here  are  well  exposed  in  the  deep  cuttings  for  the 
Chesapeake  &  Ohio  R.  R. 

This  belt  extends  an  unknown  distance  north  of  the  railroad, 
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probably  to  the  northern  part  of  Bath  county.  To  the  south, 
It  terminates  near  the  northeastern  border  of  Monroe  county. 
It  occupies  the  bottom  of  a  synclinal  fold,  and  possesses  but 
small  width. 

*2.  A  much  more  extended  and  important  belt,  which  lies 
about  thirty  miles  east  of  the  last  This  commences  in  the 
northern  part  of  Virginia,  in  the  western  part  of  Berkeley 
county,  and  extends  thence  south  through  the  State,  with  some 
minor  interruptions.  It  lies  on  the  west  side  of  the  great  Ix)wer 
Silurian  limestone  yalley,  and  close  to  the  great  fault  which 
bounds  it  in  that  direction.  In  the  northern  and  middle  por- 
tions, the  coal-bearing  member  of  the  Vespertine  lies  under  the 
inverted  massiye  sandstones  of  the  lower  member,  and  hence  is 
found  on  the  west  side  of  the  mountains,  formed  of  this  massiye 
portion.  In  this  part  of  the  State,  these  mountains  bear  the 
names  of  ** Great,"  and  "Little,"  "North  Mountain." 

In  the  southern  part  of  the  State,  the  Vespertine  strata  are 
not  inverted,  but  dip  toward  the  fault  Hence  in  "Brush 
Mountain,"  the  southern  continuation  of  "North  Mountain," 
the  coal-bearing  member  lies  on  the  southeastern  face  of  the 
mountain.  The  great  number  of  faults  in  this  section  has 
caused  a  small  remnant  to  be  caught  and  preserved,  even  within 
the  area  of  the  Silurian  strata,  as  in  the  remarkable  coal  field 
of  Price's  Mountain,  near  Christiansburg  in  Montgomery  county. 
I  have  been  informed  that  coal  has  been  discovered  still  farther 
to  the  east,  within  the  limestone  area,  in  the  north  end  of  Lick 
Mountain,  in  Wythe  county.  If  this  is  true,  it  is  without  doubt 
Vespertine  coaL 

From  the  fact  that  all  the  strata,  and  the  coals  as  well, 
thicken  as  we  go  east,  it  cannot  be  doubted  that  the  Vespertine 
coal  field  extended  considerably  farther  in  that  direction  than 
any  remnant  now  remaining.  Leaving  out  of  consideration  the 
extension  of  these  strata  northward,  into  Pennsylvania,  where 
they  have  been  shown  to  contain  coal  beds,  the  area  of  the  coal 
formation  of  this  age,  in  Virginia  and  West  Virginia,  was  by 
no  means  small.  Judging  only  by  the  exposures  which  now 
remain,  the  belt  of  country  over  which  well  defined  coal  beds 
were  formed,  was  more  than  300  miles  long,  and  fifty  miles 
wide. 

I  have  examined  the  exposures  on  the  Greenbrier  River, 
and  at  Lewis  Tunnel,  in  the  vicinity  of  the  White  Sulphur 
Springs,  as  well  as  those  in  the  western  edge  of  Augusta  and 
Rockingham  counties  in  Virginia,  and  in  Montgomery  county. 
I  will  give  in  the  remainder  of  this  article,  some  of  the  facts 
observed  at  these  points. 

The  strata  from  the  top  of  the  Chemung  to  the  base  of  the 
"  Productive  coals,"  in  the  two  Virginias,  pass  into  each  other 
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K)  gradually,  that,  in  subdividing  this  great  mass  of  sediment, 
3ne  is  forced  to  select  the  dividing  planes  somewhat  arbitrarily, 
&nd  to  take  for  his  guide,  physical  changes  in  the  strata.  The 
most  natural  horizon,  to  select  as  the  upper  boundary  of  the 
Vespertine  in  the  Virginias,  as  it  seems  to  me,  is  the  base  of  the 
"Lewisburg,"  or  "Lower  Carboniferous  Limestone."  Yet,  as 
we  proceed  north  into  Pennsylvania,  this  rock  is  absent  This 
18  also  the  case  in  the  eastern  exposures  in  Virginia.  Along  the 
9reenbrier  River  there  are  certain  red  beds,  underlying  the 
limestone  in  question,  and  resting  on  the  coal -bearing  member 
of  the  Vespertine.  Professor  Wm.  B.  Rogers,  if  I  understand 
his  measurements  correctly,  places  these  in  his  Umbral,  or  No. 
XI,  as  he  does  the  Lower  Carboniferous  Limestone,  here  exposed. 
There  are  two  objections  to  this,  I  think.  The  physical  charac- 
ter and  composition  of  these  red  beds  assign  them  more 
naturally  to  the  Vespertine  than  to  the  limestona 

Another,  and  more  important  objection  is,  that  if  the  lowest 
of  these  beds  be  made  the  base  of  the  Umbral,  then  the  great 
limestone  formation  must  be  considered  as  a  subordinate  mem- 
ber of  the  comparatively  restricted  Umbral  series.  For  these 
reasons,  I  include  the  beds  in  question,  in  the  Vespertine  series. 
The  Umbral  series  naturally  begins  at  the  top  ot  the  "  Lewis- 
burg,"  or  "  Lower  Carboniferous  Limestone,''  at  least  in  the 
Virginias. 

The  Vespertine  Strata  on  Oreenhrier  River, 

Commencing  at  the  fault  above  described,  which  occurs  a 
little  west  of  Caldwell  Station,  on  the  Chesapeake  &  Ohio  R  R, 
and  about  six  miles  west  of  the  White  Sulphur,  we  find  on  the 
east  side  of  the  deep  channel  cut  by  a  small  stream,  highly  con- 
torted, and  overturned,  strata  of  the  Catskill?,  while  on  the 
western  side,  and  only  100  yards  distant,  the  upper  red  beds  of 
the  Vespertine  are  seen  dipping  at  an  angle  of  only  three  or 
four  degrees  eastward,  toward  the  contorted  strata.  These 
compose  the  base  of  the  high  hill  there  seen.  The  middle  and 
upper  portions  of  this  hill  are  composed  of  the  Lower  Carbon- 
iferous limestone,  into  which  the  red  strata  pass  gradually,  by 
several  alternations  of  red  marlite  and  limestone.  Passing 
west,  along  the  railroad,  the  cuttings  show  that  the  red  rocks 
rise  gradually  with  a  steepening  easteriy  dip,  until  within  100 
yards  of  the  first  exposure  of  the  coal-bearing  or  middle  mem- 
oer  of  the  Vespertine,  when  they  rise  suddenly,  at  an  angle 
of  45°. 

These  strata  are  composed  almost  entirely  of  deep  red 
crumbling  mariites.  Some  insignificant  beds  of  flaggy,  reddish, 
and  gray  sandstones,  occur  in  the  passage  beds  near  the  base  of 
the  limestone,  and  toward  the  middle  of  the  series.     Some  of 
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the  thin  flags  at  the  top  of  the  system  show  beautiful  ripple 
marks.  Toward  the  base,  as  we  approach  the  coal-bearing 
member,  the  marlites  are  no  longer  of  uniform  red  color,  but 
are  variegated  with  green  and  grayish  splotches.  The  prin- 
cipal portion  of  the  red  strata  much  resembles  some  of  the 
red  shales  of  the  supposed  Catskill,  which  will  be  described 
farther  on.     The  entire  thickness  is  by  estimate  250  feet 

This  red  upper  member  seems,  from  the  measurements  of 
Professor  Rogers,  to  thin  out  to  the  north.  As  remarked  above 
he  puts  it  with  the  Lewisburg  limestone,  which  is  probably  the 
equivalent  of  the  St.  Louis  and  Chester  groups,  in  his  Umbral 
series. 

In  his  measurement  of  the  Umbral  in  Greenbrier  Mountain, 
near  Huntersville  in  Pocahontas  county,  he  puts  fifty  feet  of 
red  shales  under  the  limestone.  This  pomt  is  thirty  miles  north 
of  my  section. 

Still  farther  north,  on  the  Potomac,  near  Westemport,  Profes- 
sor Rogers  gives  no  red  beds  under  the  limestone,  but  shows 
that  fifteen  feet  of  red  shales  and  sandstone  occur  about  twenty 
feet  from  the  base,  which  is  composed  of  reddish  and  sandy 
gray  limestone. 

In  the  vicinity  of  the  Greenbrier  River,  as  above  mentioned, 
the  coal-bearing  portion  of  the  Vespertine  rises  boldly  from 
beneath  the  red  marlit^es,  and  forms  cliflFs  of  imposing  height 
near  the  railroad  bridge.  These  strata,  however,  do  not  attain 
a  sufficient  height  to  disclose  the  white  sandstones  and  con- 
glomerates, which  form  the  lower  member  of  the  Vespertine  in 
the  two  Virginias.  Across  the  river  they  soon  come  down 
with  a  westerly  dip,  and  disappear  under  the  limestone  to 
appear  no  more.  This  broad  anticlinal  seems  to  be  the  last 
important  undulation  aSccting  the  strata  in  a  westerly  direction, 
for  these  maintain  apparently  a  westerly  dip  nearly  to  the  Ohio 
River. 

In  my  article  on  the  "  Conglomerate  series  of  West  Virginia," 
published  in  the  numbers  of  this  Journal,  for  April  and  May, 
1876, 1  have  given  some  account  of  the  geology  of  the  country 
lying  in  that  direction. 

The  middle  member  of  the  Vespertine  as  disclosed  here, 
shows  at  its  top,  about  seventy  feet  of  rather  siliceous,  bluish 
gray  sandstones,  in  thin  beds,  and  of  very  firm  texture.  Under 
these  occur  about  forty  feet  of  thinly  bedded,  gray  flags,  which 
show  throughout  a  curious  distribution  of  carbonaceous  matter. 
Fully  fifty,  pretty  persistent,  thin  strings  of  carbonaceous 
material,  are  distributed  over  this  space,  being  usually  not 
more  than  an  inch  or  so  thick,  but  sometimes  suddenly  swelling 
out  to  the  thickness  of  nearly  a  foot  No  underclavs  exist, 
and  all  the  material  was  plainly  derived  from  drifted,  vegeta- 
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tioiL  This  is  also  indicated  by  the  frequent  mixture  of  the 
carbon  with  the  substance  of  the  sandstones. 

But  while  this  portion  of  the  field  seems  to  have  been  under 
water,  a  portion  of  the  neighboring  area  was  in  a  condition  to 
permit  tne  development  of  a  considerable  coal  bed.  1  have 
reliable  information  that  some  two  and  a  half  miles  north  of 
this  point,  and  near  the  river,  a  coal  bed  exists  at  this  horizon. 
At  one  time  attempts  were  made  to  work  it,  but  the  coal  proved 
to  be  too  impure,  and  full  of  sulphur.  It  is  locally  about  four 
feet  thick.  This  is  the  coal  bed  mentioned  by  Professor 
Rogers,  as  existing  on  the  river  near  Lewisburg. 

Beneath  the  above  mentioned  carbonaceous  portion,  come 
120  feet  of  firm  gray,  and  brownish  sandstones,  and  then  forty 
feet  of  very  flaggy,  gray,  soft  sandstones  and  shales,  with  some 
layers  of  fissile  black  shale,  containing  indistinct  vegetable  im- 
pressions, mostly  leaves  of  Lepidodendra.  The  lowest  rock 
seen  shows  about  twenty  feet  of  dark  gray,  compact,  fine 
grained  sandstone,  full  of  specks  of  pyrites,  and  containing  in 
nests  and  pockets  of  yellow  ochre  poorly  preserved  impressions 
of  shells.  The  entire  thickness,  here  shown,  of  the  middle 
member,  is  by  estimate  about  290  feet. 

Professor  Kogers  shows  that  farther  north,  where  the  Vesper- 
tine forms  a  portion  of  the  mass  of  the  Alleghany  Mountams, 
this  member  shows  pretty  much  the  same  features,  but  that  the 
amount  of  coal  is  much  smaller,  since  it  appears  only  in  occa- 
sional thin  strings  of  very  small  lateral  extent 

Vespertine  Strata  near  Lewis  Tunnel, 

Twelve  miles  east  of  the  last  mentioned  locality  we  find  the 
Vespertine  rocks  disposed  in  a  narrow  belt  along  the  east  side 
of  the  Alleghany  Mountains.  The  Chesapeake  &  Ohio  Railroad 
issues  from  this  mountain,  on  the  east  side,  in  a  deep  cut  made 
in  Chemung  strata,  which  dip  about  75°  southeast  Passing 
along  the  railroad  eastward,  we  enter  first  the  strata  intermediate 
between  the  Chemung  and  Vespertine,  which  are  probably 
Catskill,  and  after  passing  through  these,  see  the  lowest  beds  of 
the  Vespertine,  coming  next  in  order.  The  dip  flattens  down 
rapidly  in  going  east,  until  in  the  Vespertine  strata  it  is  not 
more  than  25®. 

The  Chemung  here  is  much  like  that  of  New  York.  Alter- 
nations of  flaggy  sandstones  and  shales,  weathering  olive  brown 
in  color,  form  tne  principal  portion  of  the  mass.  Toward  the 
top,  rather  massive,  dull  gray,  and  dingy  brown  sandstones 
occur,  with  some  portions  containing  pebbles  as  large  as  a  garden 
pea.  Thin  layers,  crowded  with  impressions  of  shells,  occur  at 
intervals,  being  found  even  in  the  coarse  sandstones.  The 
highest  strata  snowing  Chemung  fossils,  are  these  coarse  sand- 
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stones;  succeeding  them,  the  rocks  show  a  decided  change,  and 
in  this  portion,  the  Catskill  beds,  if  they  exist  at  all  here,  must 
be  found.  The  following  is  a  section  of  them,  with  the  thick- 
ness estimated  in  part  (1.)  120  feet  of  alternations  of  deep 
red  marlites,  and  thick-bedded,  rather  argillaceous,  reddish- 
brown  sandstones.  The  sandstones  and  marlites  are  in  about 
equal  proportions.  (2.)  Seventy  feet  of  dark  red  marlites,  in- 
terstratified  with  ochreous  sandstones  of  very  argillaceous  char- 
acter, and  showing  balls  and  nests  of  brown  hematite,  arising 
from  balls  of  pyrites.  The  sandstones  when  fresh  are  of  dull 
brown  color,  but  in  weathering,  assume  yellowish-brown  hues, 
in  spots  and  patches.  (3.)  For  150  feet  the  ground  is  not  well 
exposed,  yet  appears  to  be  occupied  by  strata  like  the  last,  with 
a  greater  predominance  of  the  sandstone.  In  (2),  the  marlites 
are  coniSned  to  the  lower  portion  next  to  (1).  These  three 
members,  possessing  a  thickness  of  840  feet,  in  which  ferrugi- 
nous matter  abounds,  are  in  all  probability  of  Catskill  age,  but 
as  they,  so  far  as  I  know,  contain  no  fossils,  the  question  cannot 
be  answered  with  certainty.  These  are  succeeded  by  about  500 
feet  of  flaggy  sandstones,  with  interstratifications  of  shales,  all 
when  fresh  dingy  yellow,  or  brownish  gray,  but  weathering  to 
a  dull  brown  color.  These  strata  are  of  still  more  problemati- 
cal age.  As  however  in  the  eastern  exposures,  the  Vespertine 
lower  member  seems  to  thicken  at  their  expense,  I  include  them 
with  it  The  junction  of  these  beds  with  the  lowest  undoubted 
Vespertine  strata,  is  here  concealed  by  slides,  as  is  partially,  a 
considerable  portion  of  their  upper  member. 

Above  the  highest  of  these  beds  we  have  a  decided  change 
in  the  character  of  the  deposits,  and  here  I  place  the  base  of 
the  Vespertine.  This  rock  is  a  white,  pebbly,  highly  siliceous 
sandstone,  in  the  lowest  portion  seen.  Its  base  is  not  exposed 
here.  The  pebbles  are  mostly  small,  but  some  of  them  attain 
the  dimensions  of  half  an  inch.  The  great  mass  of  the  rock, 
especially  the  middle  and  upper  portions,  is  a  coarse  sandstone 
of  impure  white  color,  becoming  somewhat  argillaceous  at  the 
top.  The  thickness  seen  was  about  sixty  feet  This  rock,  it 
will  be  remembered,  was  not  brought  up  at  the  place  examined 
on  Greenbrier  River. 

This  is  one  of  the  most  persistent  and  highly  characteristic 
members  of  the  Vespertine.  Though  always  containing  con- 
glomerate bands,  and  marked  by  its  siliceous  character,  it 
shows  considerable  changes  in  thickness,  and  the  coarseness  of 
it3  texture.  Along  the  Greenbrier  River  the  conglomerate 
portion,  when  exposed,  often  shows  pebbles  an  inch  in  diame- 
ter. Professor  Rogers  mentions  an  exposure  near  Hunters ville 
where  the  pebbles  are  even  two  inches  in  diameter. 

Next  above  the  sandstone  member  at  Lewis  Tunnel,  we  find 
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he  middle  member  as  on  the  Greenbrier  River,  containing  gray 
lags  with  coal.  It  is  here  fully  exposed,  and  is  by  estimate 
ibout  350  feet  thick. 

The  base  is  composed  of  forty  feet  of  argillaceous,  thick- 
3edded  sandstones  of  a  dull  yellowish  gray  color,  succeeded  by 
twenty  feet  of  firm  olive  colored  sandstonea  Some  one  or  two 
^hin  films  of  coal  occur  in  the  first  named,  associated  with  black 
ihale.  I^he  second  stratum  brings  us  to  about  the  horizon  of 
die  lowest  rocks  seen  on  Greenbrier  River.  The  succeeding 
itrata  here  are  in  the  main  much  like  those  west  of  the  White 
Salphur,  bein^  mainly  gray  fiaga  About  fifty  feet  above  the 
last  mentioned  stratum  we  find  a  true  coal  system,  showing 
mderclays  with  rootlets.  The  following  is  a  section  of  it, 
i)^nning  at  the  base : 

L.  Bluish-black,  sandy  shales,  5  feet.  8.  Fire  clay,  12  inches. 

2.  Fire  clay,  5  inches.  9.  Coal,  1-2  inches. 

3.  Coal,  8  inches.  10.  Fire  clay,  5  feet. 

4.  Brown,  flaggv  sandstones,  3  feet.  11.  Slaty  coal,  5-6  inches. 

5.  Slaty  coal,  6  inches.  12.  Sandstone,  3  feet. 

6.  Black  shale,  12  inches.  13.  Black  sandy  slate,  15  ft. 

7.  Oray  sandstone,  80  feet. 

Na  7  contains  films  and  streaks  of  coal  from  floated  vegetable 
matter.  No.  10  is  full  of  Pinnularia  rootlets.  No.  13  shows 
plainly  the  marks  of  considerable  erosion  of  the  underlying 
oeds.  It  is  charged  with  carbonaceous  matter,  and  contains 
films  and  fragments  of  coal.  Indeed  there  are  evident  signs 
that  several  of  the  small  coal  beds  suffered  considerably  from 
erosion,  before  the  deposition  of  the  overlying  strata.  The 
lower  part  of  No.  18,  for  some  four  or  five  leet,  contains  large 
angular  fragments  of  No.  1,  mixed  with  others  from  the  under- 
lying Devonian  brown  sandstones.  Some  of  the  fragments  are 
toree  or  four  inches  in  diameter.  With  the  exception  of  No.  1, 
all  the  black  shales  of  the  section  seem  to  be  composed  of 
material  derived  from  the  red  and  brown  Devonian  strata.  On 
losing  by  weathering  the  carbon  to  which  they  owe  their  black 
color,  they  assume  reddish  and  brown  hues. 

The  coals  are  really  two  in  number,  disposed  in  an  upper 
and  lower  double  bea,  about  thirty  feet  apart,  which  accords 
well  with  their  distribution  throughout  the  Vespertine  coal 
field.     The  material  is  very  impure,  slaty  and  full  of  sulphur. 

Over  No.  13  we  find  about  seventy-five  feet  of  firm  siliceous, 
rather  coarse,  bluish-gray  sandstones,  containing  fragments  of 
the  lower  coal-bearing  rocks,  with  drifted  stems  and  pieces  of 
coaL     Lewis  Tunnel  is  cut  in  these  rocks. 

Over  this  we  have  twenty  feet  of  gray  sandstone  of  firm 
texture,  graduating  into  ten   feet  of  firm  thin  bedded  shales, 
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black  when  fresh,  but  weathering  brown.  This  last  contains 
the  small  coal  bed  at  the  entrance  to  Lewis  Tunnel,  and  has 
afforded  all  the  plant  impressions  found  there.  The  coal  is 
quite  local,  and  has  been  found  nowhere  else  so  far  as  I  know. 
This  horizon  however,  in  other  places,  often  yields  abundant 
plant  impressions. 

At  the  top  we  have  some  alternations  of  dark  shales,  vrith 
olive,  and  reddish  marlites  for  thirty  feet,  and  finally  red 
marlites.  No  limestone  was  seen  above  the  red  marlites.  The 
conditions  here  indicate  a  quieter  deposition  of  sediment  than 
that  which  took  place  near  Greenbrier  River,  for  there  the  firm 
gray  flags  are  succeeded  abruptly  by  the  marlites.  The  upper- 
most cool  bed  here  exposed  is,  at  its  thickest,  about  twelve 
inches,  but  soon  passes  mto  shala 

We  find  from  the  above  data  that  in  this  section  the  Vesper- 
tine strata  may  be  divided  into  three  members. 

1.  A  lower  member,  characterized  bv  siliceous  sandstones 
and  conglomerates.  Thickness  exposed,  sixty  feet  With  this 
should  probably  be  counted  500  feet  of  underlying,  more 
argillaceous  flags,  giving  a  total  of  660  feet 

2.  A  middle  member,  characterized  by  the  predominance  of 
gray  sandstones  containing  coal.     Thickness,  about  850  feet 

8.  An  upper  member,  consisting  almost  entirelv  of  red 
marlites,  and  having  a  thickness  of  about  250  feet  This  would 
give  the  entire  group  a  thickness  of  1,160  feet 

It  will  be  seen  that,  as  the  base  of  the  lower  member  is 
nowhere  exposed  in  this  region,  sixty  feet  cannot  be  taken  as 
its  entire  thickness.  I  am  of  the  opinion  that  it  is  considerably 
greater.  Professor  Rogers,  in  his  descriptions  of  the  Vesper- 
tine, nowhere  gives  any  descriptive  section  of  the  strata,  so  that 
we  are  left  in  doubt  as  to  what  stratum  he  assumes  as  its  base. 
It  is  plain  that  he  does  not  mclude  the  red  overlying  strata  in 
it ;  this  makes  it  dif&cult  to  use  his  measurements,  as  a  basis 
for  comparison.  He  gives  the  thickness  on  the  Potomac  near 
Westemport,  as  only  200  feet,  while  near  Lewisburg  he  says  it 
has  increased  to  800  feet  This  seems  in  any  event,  to  establish 
the  fact  of  a  considerable  thickening  to  the  south. 

[To  be  continued.] 
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LT.  Vil. —  On  the  production  of  Transparent  Metallic  Films  by 
he  Eiectricaf  Discharge  in  exhausted  tubes  ;  by  ARTHUR  W. 
SV^RIGHT,  Professor  of  Molecular  Physics  and  Chemistry, 
ifale  College. 

The  spectra  of  gases  contained  in  vacuum-tubes,  which  have 
jn  prepared  by  the  use  of  the  mercury  pump,  usually  exhibit 
es  caused  by  the  presence  of  the  vapor  oi  this  metal.  In 
pe  cases  this  is  no  disadvantage,  since  they  serve  as  conven- 
t  reference  points  in  fixing  the  position  of  the  other  lines  or 
ids  observed.  As  the  mercury  vapor  is  naturally  an  excel- 
t  conductor  of  electricity,  however,  there  is  often  reason  to 
pect  that  its  presence  may  afiect  the  character  of  the  discharge 
aewhat,  and  its  removal  becomes  desirable.  In  some  recent 
^eriments  by  the  writer  this  end  was  obtained  by  placing  in 
:h  tube  a  few  pieces  of  clean  gold  foil  loosely  rolled  into 
all  pellets.  As  this  metal  is  readily  amalgamated  it  will, 
»r  a  time,  take  up  the  mercury  vapor,  causing  the  disap- 
irance  of  its  characteristic  lines  from  the  spectrum.  A  still 
ter  method  is  to  wrap  a  small  piece  of  the  foil  about  the 
1  of  the  electrode,  or  to  attach  to  it  a  short  gold  wire.  The 
d  will  be  volatilized  and  deposited  upon  the  walls  of  the 
)e  in  a  wqcj  thin  layer,  thus  exposing  a  much  larger  surface 
the  action  of  the  mercury  vapor,  in  the  manner  described 
ow. 

]n  some  of  these  experiments  the  tube  under  examination 
3  so  placed  that  the  gold  lay  at  the  bottom  of  the  upper 
lion,  at  the  point  where  the  capillary  part  is  attached.  In 
3  position  it  was  exposed  to  the  action  of  the  more  intense 
charge  through  the  narrow  part,  and  after  a  time  it  was 
nd  that  a  lustrous  and  coherent  film  was  deposited  upon  the 
ss,  the  gold  having  evidently  been  volatilized  by  the  elec- 
;ity  and  condensed  upon  the  walls  of  the  tube,  in  order  to 
dy  more  conveniently  the  conditions  under  which  the  best 
jcts  might  be  produced,  a  loose  roll  of  the  foil  was  placed  in 
:  middle  of  a  tube  about  five  millimeters  in  caliber,  having  a 
inch  near  one  end  for  the  purpose  of  withdrawing  the  air, 
1  with  platinum  electrodes  inserted  into  the  ends.  This  was 
laastcd  until  a  discharge  from  an  induction  coil  passed  read- 
,  when  it  was  found  that  the  gold  was  speedily  deposited 
:>n  the  tube  as  before,  and  by  shaking  the  foil  along,  a  con- 
erable  area  was  covered  with  it  in  a  short  time.  It  appeared, 
;n  under  the  microscope,  as  a  perfectly  continuous  film, 
ming  a  brilliant  mirror,  and  showing  the  characteristic  green 
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color  by  transmitted  light  very  beautifully.  When  the  tube 
was  afterwards  rather  strongly  heated  the  gold  lost  its  mirror- 
like surface  in  the  thinner  parts,  assuming  a  frosted  appearance, 
and  the  light  passed  through  it  had  a  fine  ruby  color,  conform- 
ing in  this  to  what  was  observed  by  Faraday  in  his  experiments 
on  the  relation  of  metals  to  light*  A  singularity  in  the  result 
was  the  fact  that  the  volatilization  occurred  only  at  that  end  of 
the  foil  which  was  made  a  negative  pole.  This  was  obser\'^ed 
to  be  the  case  in  all  the  subsequent  experiments,  except  that 
in  one  or  two  instances  where  a  powerful  discharge  had  been 
maintained  for  a  considerable  time  a  very  slight  deposit  was 
observed  at  the  positive  end  also. 

As  the  matter  appeared  to  be  of  interest  with  respect  to  its 
furnishing  a  new  method  of  producing  transparent  metallic  films, 
the  investigation  was  extended  to  a  considerable  number  of 
metals.  Various  forms  of  tubes  were  employed  in  successive 
trials,  but  the  method  found  most  advantageous  was  the  fol- 
lowing: clean  tubes  of  white  glass,  about  fifteen  centimeters 
in  length,  and  with  a  caliber  of  from  four  to  six  millimeters, 
were  provided  in  the  middle  with  a  small  branch  tube  for 
attachment  to  the  pump.  In  the  ends  were  placed  the  elec- 
trodes formed  of  the  metals  to  be  examined.  These  were  gen- 
erally in  the  form  of  thin  wires  from  one-fourth  to  one-half  a 
millimeter  in  thickness.  About  one  centimeter  of  this  was 
enclosed  in  a  thin  glass  tube  about  three  centimeters  long, 
drawn  out  of  the  same  piece  as  the  main  tube,  and  made  so 
fine  at  the  end  as  just  to  receive  the  wire,  A  platinum  wire 
was  placed  in  the  other  end,  so  as  to  touch  the  first  wire,  and 
sealed  in.  This  was  then  carefully  sealed  into  the  end  of  the 
main  tube,  the  electrode  being  in  its  axis,  and  the  platinum 
wire  projecting.  It  was  necessary  to  cover  the  latter  thus  in  the 
intenor  to  prevent  its  giving  a  deposit  upon  the  tube  with  the 
metal  under  examination.  The  tube  was  now  exhausted  to  a 
tension  of  one  or  two  millimeters,  or  so  far  that,  when  the 
discharge  from  the  induction  coil  was  passed  through  it,  the 
glow  surrounding  the  negative  pole  filled  the  tube  along  the 
whole  extent  of  the  electrode.  After  the  coil  had  been  put  in 
operation  for  a  few  minutes  a  deposit  was  formed  upon  the 
glass,  appearing  at  first  as  a  mere  darkening  or  discoloration, 
which,  gradually  becoming  deeper,  finally  began  to  show  metallic 
luster,  while  still  suffering  the  light  to  pass  freely.  In  almost 
all  cases  it  covered  the  whole  area  of  the  glass  opposite  the 
electrode,  but  did  not  extend  much  beyond  it  After  the  film 
was  suflBciently  developed  the  small  branch  was  closed  with  a 
gas  flame,  the  tube  drawn  off,  and  sealed. 

*  Experimental  Researches  in  Chemistry  and  Physics. 
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For  metals  readily  oxidized  it  was  uecessary  to  fill  the  tubes 
with  some  ga8  which  would  Dot  act  upon  the  deposit  formed,  as 
otherwise  it  was  impossible  to  obtain  good  results.  In  these 
cases  the  air  was  first  thoroughly  removed,  the  tube  filled  with 
pure  dry  hydrogen,  and  then  exhausted  In  a  few  cases  the 
tubes  were  refilled  with  hydrogen  several  times  to  ensure  the 
complete  removal  of  the  oxygen.  The  perfection  of  the  film 
was  found  to  depend  also  in  some  measure  upon  the  steadi:  ess 
of  the  electrical  action,  and  the  proper  regulation  of  the  power 
of  the  current  used  When  the  Holtz  machine  was  employed 
as  a  source  of  electricity  no  efiect  was  obtained  without  con- 
densers, and  with  them  the  discharge,  at  least  with  the  tension 
of  gas  used^  did  not  occur  in  such  a  manner  as  to  yield  good 
results.  The  trifling  deposit  obtained  in  this  way  was  opposite 
the  positive  electrode.  I^ossibly  by  exhausting  the  tubes  so  as 
to  reach  a  much  lower  tension  the  electro-machine  might  be 
made  available,  but  the  induction  coil  is  both  efficient  and  con- 
venient 

With  a  gold  wire  one-third  of  a  millimeter  in  diameter  and 
four  centimeters  long,  an  exquisitely  beautiful  deposit  was 
formed  over  a  space  a  little  longer  than  the  wire.  The  first 
noticeable  effect  was  a  slight  discoloration  of  the  tube  by  the 
deposited  metal,  while  it  was  still  too  thin  to  show  the  metallic 
luster  by  reflected  light  The  tint  was  pinkish,  inclining  to 
violet,  resembling  that  at  the  more  refrangible  end  of  the  spec- 
trum. As  the  nlm  increased,  the  tint  passed  through  blue, 
bluish-green,  and  finally,  when  of  sufficient  thickness,  it  ap- 
peared a  clear,  brilliant  green,  slightly  inclining  to  bluish- 
green.  By  reflected  light  the  film  has  a  splendid  luster,  and 
the  full  golden  color,  it  thins  out  gradually  at  the  extremities, 
and  becomes  imperceptible  at  a  point  five  or  six  millimeters 
from  the  end  of  the  wire,  with  the  same  gradation  of  tints  as 
was  observed  in  its  formation.  The  metallic  reflection  fades 
out  in  a  similar  manner,  but  ceases  before  the  coloration. 

With  silver  wire  of  about  the  same  dimensions,  the  coating 
opon  the  tube  was  scarcely  less  beautiful  and  perfect.  The  full 
luster  was  developed  gradually,  and  the  light  transmitted  by  the 
completed  film  is  a  pure,  deep  blue.  Copper  gives  a  fine  lus- 
trous mirror,  appearing  dull  green  by  transmitted  light  It  is 
volatilized  with  more  difficulty  than  the  preceding  metals. 
Bismuth  on  the  other  hand  is  obtained  in  a  thin  film  with  ex- 
treme  ease,  a  battery  of  three  small  Grove  cells  with  a  coil 
giving  a  half  inch  spark  producing  the  desired  result  in  two  or 
three  minutes.  The  film  is  very  transparent,  and  has  a  color 
such  as  would  be  produced  by  mixing  a  clear  blue  with  a  pure 
grav  or  neutral  tint  The  metallic  layer  is  remarkably  uniform, 
and  of  great  beauty,  possessing  a  brilliant  luster  by  reflected 
light 


52     A.  W.  Wright — Production  of  Transparent  Metallic  Films 

Platinum  is  volatilized  with  compamtive  ease,  especially  in 
a  narrow  tube.  Its  deposition  on  ttie  glass  in  this  way  is  a 
fanniliar  occurrence,  as  few  of  the  common  vacuum  tubes  which 
have  been  subjected  to  the  action  of  the  induction  coil  for  a 
long  time  fail  to  show  the  effect  In  a  small  tube  the  layer  is 
very  bright,  and  is  easily  made  thick  enough  to  be  quite  opaque 
When  sufficiently  thin,  it  transmits  light  of  a  gray  color,  with 
a  slight  bluish  tinge.  Palladium  also  is  deposited  in  a  thin 
layer  without  difficulty,  and  appears  of  a  smoky  brown  color 
by  transmitted  light  Lead  forms  a  very  even  film,  with  the 
characteristic  color  of  the  metal,  though  it  has  but  a  compara- 
tively feeble  luster.  It  has  a  high  degree  of  transparency, 
appearing  of  a  smoky-brown  color,  inclining  to  an  olive  tint 
when  very  thin.  Thorough  exclusion  of  the  oxygen  and  vapor 
of  water  is  necessary  to  the  successful  formation  and  preser- 
vation of  the  film,  as  when  exposed  to  the  air  or  moisture  it  is 
destroyed  by  oxidation  in  a  very  few  minutfes* 

Zinc  and  cadmium  yielded  brilliant  mirrors,  with  a  white, 
silvery  luster,  and  appearing  deep  grayish-blue  by  transmitted 
light,  with  a  barely  noticeable  inclmation  to  purple.  It  is  less 
deep  in  tint  than  the  light  passed  through  silver,  but  deeper 
than  that  from  bismuth.  There  was  no  perceptible  difference 
between  the  two  metals,  unless  it  were  a  slightly  greater  intens- 
ity of  the  coloration  in  the  case  of  the  zinc. 

Aluminum  was  volatilized  with  considerable  diflSculty,  re- 
quiring five  or  six  cells  and  a  powerful  coil.  It  formed  a 
mirror-like  film,  which  by  transmitted  light  had  a  brownish 
color,  but  the  result  was  not  entirely  satisfactory.  Magnesium 
yielded  even  less  readily,  and  showed  no  effect  at  all  when  tried 
with  the  means  which  had  given  good  results  in  the  other  cases. 
It  was  nece^ssary  to  reduce  the  electrode  to  a  very  fine  wire,  and 
this  was  enclosed  in  a  tube  of  only  3'5  millimeters  caliber.  The 
larger  coil  was  used,  and  the  power  of  the  battery  gradually 
increased  to  six  Grove  cells.  Not  the  slightest  effect  was  pro- 
duced when  a  smaller  number  was  employed,  bu*  after  the  ap- 
plication of  this  power  for  a  few  minutes,  the  electrode  was  sud- 
denly surrounded  by  a  burst  of  green  light,  and  the  deposit  was 
formed  almost  instantly  upon  the  glass.  It  had  a  brilliant  lus- 
ter, and  when  the  light  was  seen  through  it,  a  grayish-blue  color 
similar  to  that  of  zinc  or  cadmium,  but  less  clear. 

Tin  did  not  give  very  satisfactory  results,  as  when  the  elec- 
trode was  made  small  enough  for  the  purpose  it  was  diflScult  to 
avoid  fusing  it.  The  film  when  obtained  was  not  as  fine  as 
those  produced  with  the  other  metals  mentioned,  but  had  in  some 
parts  a  silvery  metallic  luster,  and  was  sufficient  to  show  that 
when  seen  by  transmitted  light  the  metal  appears  of  a  brownish 
gray  or  sepia  tint 
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Interesting  results  were  obtained  with  iron,  which  gav^e  a 
very  beautiful  and  perfect  film,  having  a  brilliant  iuster,  and  a 
high  d^ree  of  transparency.  The  light  transmitted  by  it  is 
very  nearly  of  a  pure  neutral  tint,  though  with  a  faint  tinge  of 
brownish.  The  electrode  was  a  wire  0*3  millimeter  in  diameter. 
This  was  carefully  cleaned,  and  the  tube  filled  with  dry  hy- 
drogen three  times  before  the  final  exhaustion.  Without  this 
precaution  it  is  impossible  to  obtain  reliable  results,  as  the 
metal  is  partially  oxidized,  and  the  film  not  only  stained,  but 
its  color  by  transmitted  light  changed  to  brown,  or  even  to 
deep  orange-yellow.  This  was  the  color  exhibited  by  the  film 
obtained  in  the  first  trial,  in  which  the  tube  was  filled  with  air. 
Externally  it  exhibited  a  vivid  iridescence,  in  various  colors, 
but  at  the  extremities  of  the  deposit  the  metal  had  its  proper 
luster.  Subsequent  trials  in  which  the  tube  was  once  filled 
with  hydrogen  gave  better  results,  but  the  yellow  tint  and  the 
iridescence  did  not  disappear  until  the  thorough  removal  of  the 
oxygen  and  moisture,  as  described. 

For  those  metals  which  are  not  readily  obtained  in  the  form 
of  thin  wires,  a  modification  of  the  process  was  employed,  as 
follows:  a  tube  open  upon  one  side  was  made  by  softening  the 
end  of  a  glass  tube  in  a  gas  flame  and  drawing  out  one  edge 
with  another  piece  of  glass.  A  trough  was  thus  formed,  at 
first  shallow  but  growing  deeper  and  deeper  as  the  whole  edge 
began  to  be  drawn  upon,  and  by  properly  adjusting  the  heat 
applied^  it  could  be  made  as  fine  as  desired.  A  tube  of  this 
kind  from  half  a  millimeter  to  a  millimeter  in  diameter  with  a 
platinum  wire  inserted  in  the  closed  end,  and  with  the  open 
end  evenly  and  firmly  packed  with  filings  or  powder  of  the 
substance  to  be  examined  formed  the  electrode,  which  was 
used  in  the  ordinaiT  way. 

Nickel  and  cobalt  were  experimented  upon  by  this  method, 
and  films  obtained,  but  as  the  removal  of  the  oxygen  was  not 
sufficiently  complete  they  were  less  perfect  than  those  produced 
from  the  other  metals,  though  sufiicient  to  show  that  the  color 
by  transmitted  light  is  gray  or  brownish  gray.  Tellurium 
employed  in  the  same  way  afforded  a  very  brilliant  layer,  which 
gave  to  the  light  seen  through  it  a  dull  purple  color. 

At  the  suggestion  of  Prof.  Dana  an  experiment  was  made 
with  magnetic  oxide  of  iron,  native  magnetite  in  powder  being 
employed  with  one  of  the  small  troughs.  It  was  volatilized 
with  difficulty,  but  apparently  without  decomposition,  and 
formed  a  somewhat  lustrous  film,  appearing  gray-brown  by 
transmitted  light  The  result  is  of  interest  with  reference  to 
the  occurrence  of  thin,  somewhat  transparent  layers  of  this 
substance  in  certain  micas,  where  it  has  the  same  color  as  that 
observed  in  this  experiment 
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In  Faraday's  experiments  deposits  of  several  diflFerent  metals 
upon  plates  of  glass  or  other  materials  were  obtained  by  passing 
the  spark  from  a  Leyden  battery  between  the  points  of  wires 
near  the  plates  in  an  atmosphere  of  hydrogen.  Films  so  ob- 
tained are  more  or  less  irregular,  and  he  describes  them  as 
apparently  not  entirely  continuous.  Those  formed  by  the 
method  liere  described,  however,  are  generally  very  uniform 
and  coherent,  and  even  under  the  microscope  appear  to  be  per- 
fectly continuous.  For  a  study  of  the  optical  properties  of  the 
metals  they  can  be  formed  upon  narrow  slips  of  plane  grlass 
introduced  into  the  tubes  by  the  side  of  the  electroae.  Simple 
examination  of  the  tubes  with  a  NicoFs  prism  shows  that  these 
films,  at  least  in  the  case  of  gold,  silver,  iron,  zinc  and  cadmi- 
um, which  have  been  tried  by  the  writer,  polarize  the  light 
transmitted  by  them  powerfully,  and  the  degree  of  polarization 
appears  to  increase  with  the  incident  angle  as  far  as  observa- 
tion can  be  conveniently  carried,  which  implies  a  very  hi^h 
refractive  index.  It  might  be  expected  that  the  light  should 
be  elliptically  polarized,  but  this  point  was  not  determined,  and 
the  optical  properties  of  the  films  remain  for  further  study. 

With  respect  to  the  relative  energy  of  electrical  action  neces- 
sary to  volatilize  the  different  metals  the  observations  were 
haraly  precise  enougli  to  warrant  the'  statement  of  a  definite 
law.  Bismuth  was  volatilized  most  readily  of  all,  gold  and 
silver  with  but  slightly  less  facility.  Platinum,  palladium, 
lead,  tin,  zinc  and  cadmium  yield  less  readily,  while  copper, 
iron,  nickel  and  cobalt  require  a  rather  intense  discharge  and 
are  volatilized  with  some  difficulty.  Aluminum  requires  an 
energetic  electrical  action  exerted  for  a  long  time,  and  the 
electrode  must  be  a  quite  fine  wire.  Magnesium  is  acted  upon 
still  less  readily,  and  is  by  far  the  most  difficult,  of  all  the 
metals  tried,  to  be  obtained  in  the  state  of  a  thin  layer.  Suc- 
cess was  attained  by  the  use  of  an  energetic  battery  of  five  or 
six  Grove  cells,  with  a  coil  capable  of  giving  two-inch  sparks, 
the  electrode  being  a  wire  cut  from  a  thin  ribbon  of  the  metal 
and  not  more  than  one-fifth  of  a  millimeter  in  thickness. 
Even  then  no  eflfect  was  produced  till  this  was  enclosed  in  a 
very  narrow  tube  by  which  the  electrical  action  was  concen- 
trated. The  electrode  itself  appeared  bright  green,  showing 
that  the  discharge  did  act  upon  the  metal,  forming  a  thin 
envelope  of  vapor  about  it,  which  did  not  reach  the  glass  how- 
ever until  the  power  of  the  current  was  increased  and  the  size 
of  the  tube  considerably  diminished.  It  will  be  seen  that  the 
heavy  metals,  that  is,  those  with  high  atomic  weights,  are  most 
readily  volatilized,  while  tiiose  with  smaller  atomic  weights 
oppose  great  resistance  to  the  electrical  action,  and  those  with 
medium  weights  occupy  an   intermediate  position;    but   the 
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fasibility,  tenacity,  and  electrical  conductivity  also  appear  to 
exert  some  influence  as  to  the  place  of  the  different  metals  in 
the  list. 

It  may  be  observed  also  that  where  it  is  desirable  to  avoid 
discoloration  of  vacuum-tubes  by  the  metallic  deposit,  this  can 
be  effected  by  making  the  electrode  within  the  tube  of  alum- 
inum or  magnesium,  the  interior  portion  of  the  platinum  wire 
which  passes  through  the  glass  being  itself  covered  with  a 
small  glass  tub&  Of  the  two  metals  magnesium  is  the  best,  as 
a  wire  half  a  millimeter  in  diameter  would  not  be  at  all  affected 
by  discharges  of  the  intensity  ordinarily  used  with  vacuum- 
tubes,  nor  would  it  be  so  easily  fused  or  rendered  red  hot  as  a 
wire  of  platinum.  Of  course  these  metals  could  only  be  used 
with  gases  which  would  have  no  chemical  action  upon  them. 

Tale  College,  December  13,  1876. 


SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  On  t/ie  so-called  CrystaUized  Boron, — Hahpb  has  prepared 
and  submitted  to  careful  examination  both  of  the  forms  of  the 
so-called  crystallized  boron,  the  black  and  the  yellow,  and  finds 
that  neither  is  pure  boron,  both  being  compounds  of  this  substance. 
For  the  preparation  of  the  black  variety,  200  to  400  grams  of 
fused  coaraeiv  pulverized  boric  acid  was  placed  in  an  English  clay 
crucible,  a  piece  of  alumiimm  weighiuff  1 00  to  200  grams  was 
laid  upon  it  and  covered  with  bone  acid,  and  then  the  cover  of 
the  crucible  was  luted  on  with  clay.  The  whole  was  enclosed  in 
a  Hessian  crucible,  the  space  between  the  two  being  filled  with 
quartz  saod.  The  secret  of  the  production  of  the  black  crystals 
ooDsists  in  the  absence  of  carbon  in  the  crucible.  The  fusion 
was  effected  in  a  melting  furnace,  the  fuel  used  being  coke,  and 
the  time  of  heating  three  hours.  By  closing  the  draft  almost 
completely,  the  cooling  took  place  very  slowly,  requiring  from 
12  to  18  hours;  the  crystals  being  increased  in  size  proportionally. 
On  breaking  the  inner  crucible  when  cold,  the  upper  layer  of  the 
fiised  mass  was  glassy  and  consisted  of  aluminum  borate.  Within 
this  was  a  thin  dense  very  bard  layer  of  pure  alumina,  which  sur- 
rounded the  reeulus.  The  free  surface  of  the  metal  as  well  as 
the  cavities  in  it  were  covered  with  magnificent  black  crystals, 
which  were  obtained  on  solution  of  the  aluminum,  accompanied 
by  red  hexagonal  plates  of  the  aluminum  borioe  of  Wdhler  and 
chocolate-brown  crystals  of  silicon.  The  yield  was  small,  only 
2*5  to  3  grams  being  obtained  from  100  grams  aluminum,  one 
gram  of  which  proved  completely  pure.  Various  other  methods 
of  preparation  were  tried ;  but  the  yield  was  less  in  every  case. 
The  crystals  are  monoclinic  prisms,  have  a  brilliant  metallic  luster, 
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are  black  in  thick  but  dark  red  in  thin  layers,  become  blued  like 
Bteel  when  heated  in  the  air  though  not  combustible  when  heated 
in  a  stream  of  oxygen.  Their  hardness  is  between  9  and  10,  their 
density  2*5345.  Concentrated  hot  nitric  acid  dissolves  them 
slowly,  fused  potash  and  lead  chromate  rapidly.  On  analysis 
they  yielded  17*30  per  cent  of  aluminum  and  82*70  per  cent  of 
boron,  corresponding  to  the  formula  AlB-  ,.  The  yellow  quadratic 
crystals  were  obtained  by  effecting  the  fusion  in  carbon  crucibles ; 
one  melting,  which  was  on  a  large  scale,  yielding  5*528  grams 

I)ure  crystals,  on  some  of  which  the  octahedral  edges  were  4  mnt 
ong.  They  are  honey-yellow  in  color,  very  brittle,  harder  than 
corundum  and  nearly  as  hard  as  the  diamond,  and  have  a  density 
of  2*615.  On  analysis  they  gave  as  a  mean:  Aluminum  13*15, 
iron  0*24,  copper  0*04,  carbon  3*76,  boron  ^by  difference)  82*81; 
corresponding  to  the  formula  Cj  AljB^  g.  All  attempts  to  prepare 
pure  boron  crystallized  were  fruitless.  The  author  is  now  exam- 
ining the  so-called  amorphous  boron  in  this  direction. — Liebig*i 
Annalen,  clxxxiii,  75,  Oct.,  1876.  G.  f.  b. 

2.  On  the  Constitution  of  the' PhosphcUes. — Bkbthelot  and 
LouGUiNiNK  have  made  a  thermic  research  on  phosphoric  acid 
with  a  view  to  determine  its  basicity.  Thev  studied  the  heat- 
changes  characterizing  the  union  of  this  acid  with  two  widely 
different  bases,  ammonia  and  baryta,  and  those  produced  by 
water  and  by  various  acids  of  different  energy  upon  the  three 
classes  of  phosphates.  To  these,  they  added  alkalimetrical 
evidence.  The  conclusion  which  they  reach  is  that  the  three 
equivalents  of  base,  successively  united  to  phosphoric  acid,  are 
thus  united  with  very  different  values ;  the  first  equivalent  beinc 
comparable  to  that  of  the  nitrates  or  alkali  chlorides,  the  second 
to  that  of  the  carbonates  and  borates,  and  the  third  to  that  of 
the  alkali  alcoholates.  When  for  example,  phosphoric  acid  and 
soda  unite,  the  union  of  the  first  equivalent  of  the  base  evolves 
14*7  calories,  the  second  11*6  calories  and  the  third  7*3  calories; 
while  in  the  case  of  a  true  tribasic  acid  like  citric,  the  quantity  of 
heat  is  constant  for  each  equivalent,  being  in  this  case  12*7 
calories.  In  the  case  of  ammonia,  no  heat  at  all  is  evolved  on 
adding  the  third  equivalent,  and  hence  no  triammonium  phosphate 
exists.  In  view  of  the  results  obtained,  the  authors  say  that 
phosphoric  acid  cannot  be  a  tribasic  acid,  at  least  in  the  same 
sense  as  citric  acid,  the  third  equivalent  of  base  being  separated 
even  by  dilution ;  nor  can  it  be  a  dibasic  acid  like  sulphuric, 
oxalic,  or  tartaric  acid,  since  the  second  equivalent  of  base  is  not 
neutralized  by  the  acid  and  is  entirely  separable  by  hydrochloric 
and  nitric  acids  and  even  partially  by  acetic.  Hence  they  regard 
it  as  an  example  in  inorganic  chemistry  of  what  in  organic  chem- 
istry are  called  monobasic  acids  with  a  mixed  function. — Ann, 
(Jhim,  Phys,^  V,  ix,  33,  Sept.,  1876.  g.  f.  b. 

3.  On  the  Critical  Point  of  Liquid  Carbon  Dioxide, — Hartley 
has  made  further  examinations  of  the  li<}uid  enclosures  in  minerals 
and  has  determined  with  care  the  critical  point  of  temperature 
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lor  a  large  number  of  those  composed  of  liquid  carbon  dioxide. 
Curiously  enough  this  point  was  found  to  vary  considerably :  In 
topaz,  in  three  specimens,  the  critical  point  was  28*6**,  26*6°  to  28% 
and  27*5°  to  27*6  C. ;  in  two  specimens  of  tourmaline,  from  America, 
it  was  27*27**  and  26*9**;  in  five  quartz  specimens,  it  was  30*95**, 
ao-OS**,  32-5*',  Z^'l""  and  29'' ;  in  a  beryl  from  Lurat,  it  was  30-92*; 
in  three  oriental  sapphires,  30-5*  to  31**,  26-5°  to  26°,  and  29-6°. 
The  author  explains  this  lowering  of  the  critical  point  by  the  fact 
observed  by  Andrews  that  this  effect  is  produced  by  the  presence 
of  an  incondensable  gas,  perhaps  nitrogen.  The  raising  of  the 
critical  point  appears  to  him  to  be  due  to  hydrochloric  acid  gas. 
The  facts  observed  seem  to  the  author  to  have  a  bearing  on  the 
question  of  the  formation  of  some  of  these  minerals,  and  he  sug* 
gests  that  corundum  may  have  been  formed  by  the  action  of 
aluminum  chloride  or  fluoride  upon  calcium  carbonate,  producing 
alumina  and  carbon  dioxide ;  the  latter  beinor  condensed,  would 
form  cavities  in  the  alumina  crystals  and  wouli  liquefy  on  cooling. 
If  the  reaction  were  dry,  the  cavity  would  contain  only  the  diox- 
ide; but  if  moisture  were  pre8(3nt,  it  would  contain  water  also. 
With  reference  to  the  diamond,  he  suggests  that  it  may  have 
been  formed  by  the  action  of  reducing  agents  upon  very  highly 
compressed  carbon  dioxide  at  temperatures  above  its  critical  point. 
— J.  Chetn,  iSoCy  XXX,  237,  Sept.,  1876.  G.  p.  b. 

4.  On  the  Spectra  of  Indium. — Claydejj  and  Heycock  while 
observing  the  spark  spectra  of  the  metals,  in  the  Cavendish  Lab- 
oratory, Cambridge,  noticed  that  instead  of  the  three  lines  which 
are  ordinarily  supposed  to  constitute  the  spectrum  of  indium,  the 
f^rk  spectrum  really  contained  sixteen.  The  wave-lengths  of 
the  three  lines  are  given  by  Thal6n  as  45.^2,  4609  and  4101  tenth- 
meters.  The  second  and  third  only  of  these  lines  are  visible  in 
the  spark-spectrum.  The  wave-lengths  of  the  sixteen  lines  the 
authors  give  as  follows:  6906,  6193,  6114,  6096,  5922,  5905,  5862, 
5820,  5722,  5644,  5250,  4680,  4656,  4638,  4510,  and  41C1  tenth- 
meters.  The  first  of  these  lines  is  remarkable  for  its  low  refrangi- 
bility,  only  potassium,  strontium  and  antimony  giving  lower  ones. 
The  wave-lengths  were  not  measured  directly  apparently,  but 
obtained  by  interpolation  from  the  scale  of  the  four-prism  spectro- 
scope with  which  the  measurements  were  made. — Phil,  mag.^  V, 
ii,  387,  Nov.,  1876.  g.  p.  b. 

5.  On  the  Preparation  of  Hydroquinoue, — Wkselsky  and 
ScHULER  have  discovered  a  new  and  comparatively  simple 
method  of  preparing  the  diatomic  phenol  of  the  ortho  or  1  :  2 
series,  hydroquiuone.  If  nitrous  acid  vapors  be  conducted  into 
a  cooled  etherial  solution  of  phenol,  the  mass  is  filled  in  a  short 
time  with  crystals  of  diazophenol  nitrate.  This  salt  dissolved  in 
dilute  sulphuric  acid  (one  of  acid  and  two  of  wator)  mixed  with 
alcohol  and  ether  added,  becomes  sulphate  which  by  precipitating 
with  barium  chloride  can  he  easilv  be  converted  into  chloride. 
These  salts  are  identical  with  those  prepared  by  Schraitt  from  the 
non-volatile  mononitrophenol  of  fusing  point   110°.      If  now  an 
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aqueous  solution  of  one  of  the  above  salts,  preferably  the  sul- 
phate, containing  10  to  15  per  cent  of  concentrated  sulphurie 
acid,  be  boiled  till  its  color  changes  to  a  dark  red,  and,  afterward 
be  extracted  with  ether,  the  ether  leaves  on  evaporation  crystal- 
line masses  which  on  sublimation  give  colorless  needles,  which 
dissolv«?d  with  water  and  treated  with  ferric  chloride,  yielded 
magnificent  sreen  needles  having  a  metallic  luster.  Tms  sub- 
stance is  hydroquinone  and  the  yield  is  46*2  per  cent,  the  theo- 
retical being  60. — Ber.  Berl,  Cnem.  Ge8.y  ix,  1159,  Sept.,  1876. 

G.  p.  a 

6.  On  Oelaernium  aemperoirens. — Sonnbnschbin  has  examined 
the  root  of  the  wild  jasmine  and  has  isolated  its  alkaloid,  gelse- 
mine,  to  which  he  gives  the  formula  C , ,  H,  ^NO,.  The  substance 
called  bv  Wormley  gelseminic  acid,  he  finds  to  be  esculin. — Ber. 
Berl  Cnem,  Qes.y  ix,  1182,  Sept,  1876.  g.  p.  a 

7.  ITitrze  aUgemeine  EinhUung  zu  den  arotncUischen  Nitro-ver- 
hindungen  von  Pbteb  Towns knd  Austkn.  Pamphlet,  43  pa^s. 
Leipzig :  Winter,  1876. — This  little  work  possesses  a  pecmiar 
interest,  as  it  is  the  attempt  of  an  American  to  produce  a  compre- 
hensive treatise  in  a  foreign  language  and  country.  The  manner 
in  which  Dr.  Austen  has  treated  this  class  of  organic  compounds 
differs  greatly  from  the  general  style  of  monographs,  and  is  cer- 
tainly practical  and  original.  The  work  is  intended  to  afford  all 
necessary  data  to  those  working  on  researches  involving  the  nitro- 
compounds. The  arrangement  is  such  that  the  facts  sought  for 
can  readily  be  found.  1  he  style  of  the  book  is  clear  and  remark- 
ably concise. 

There  is  no  doubt  but  that  similar  treatises  on  various  other 
groups  of  organic  compounds,  such  as  the  hydroxyl,  amids,  and 
many  others,  would  enormously  facilitate  the  labors  of  chemists 
engaged  on  original  research. 

The  book  is  dedicated  to  Prof.  A.  W.  Hofmann,  of  Berlin. 

8.  Mariotte'a  Law, — Prof.  MENDEiisEPP,  at  the  Warsaw  meet- 
ing of  Russian  naturalists,  described  the  results  of  researches  he 
has  pursued  during  1 875  and  1876,  for  the  verification  of  Mariotte's 
law.  His  former  researches  had  proved  that  the  decrease  of  vol-, 
ume  of  the  permanent  gases  proceeds  at  a  slower  rate  than  the 
increase  of  pressure  exerted  on  them,  if  the  pressure  is  less  or 
much  greater  than  the  mean  pressure  of  the  atmosphere.  The 
experiments  of  Rognault,  made  with  air,  nitrogen,  etc.,  at  pres- 
sures higher  than  that  of  the  atmosphere  proved,  however,  di- 
rectly the  contrary,  and  a  series  of  measurements  undertaken  some 
years  ago  by  Prof.  Mendel^eff  to  verify  those  of  Regnault,  gave 
the  same  results.  Suspecting  that  there  might  be  some  cause  of 
error  affecting  in  the  same  way  both  series  of  experiments,  Prot 
Mendeleeff  and  Mr.  Bogussky  constructed  special  apparatus  elim- 
inating all  possible  causes  of  errors  and  allowing  the  most  perfect 
accuracy  of  measurements.  With  these  they  made  a  new  series 
of  researches,  at  pressures  varying  from  700  to  2,200  millimeters. 
These  researches  confirmed  again  the  conclusions  of  Regnault, 
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showing  only  numerical  differences  in  the  yalues  obtained,  and 
proving,  for  instance,  for  the  air,  that  its  deviations  from  Mariotte's 
law  are  even  less  than  appeared  before.  Bat  the  most  important 
results  of  the  researches  is  that  the  divergences  from  Mariotte's 
Law  shown  by  the  air  being  negative  at  pressure  above  the  mean 
atmosphere,  as  was  observed  by  Regnault,  proved  to  be  positive 
(decrease  of  volume  slower  than  the  increase  of  pressure)  at  pres- 
sures below  it  We  must  then  conclude  that  the  air  experiences 
a  change  of  compressibility  at  a  ceilain  pressure  above  the  mean 
of  that  of  the  atmosphere ;  and  this  conclusion  is  supported  by  the 
circumstance  that  such  a  change  was  noticed  also  in  the  carbonic 
and  sulphurous  acid  gases,  but  at  pressures  far  lower  than  is  the 
case  for  air.  Only  for  hydrogen  the  divergence  is  of  the  positive 
Idnd  at  all  pressures,  ^together  we  must  conclude  that  the  de- 
viations from  Mariotte's  law  are  far  more  complicated  than  has 
been  suspected. — Nature^  xv,  70.  .  e.  c.  p. 

9.  Physical  Properties  of  Gallium. — M.  Lbcoq  de  Boisbau- 
DSAN  has  recently  prepared  more  than  half  a  gram  of  pure  gallium. 
In  the  liquid  state  this  metal  is  of  a  beautiful  silvery  whiteness ; 
but  in  crystallizing  it  assumes  a  very  pronounced  bluish  tinge, 
&nd  its  luster  notably  diminishes.  Isolated  crystals  may  be  ob- 
tained which  are  based  octahedra.  The  melting  point  was  found 
to  be  30***16,  which  was  unaltered  after  remaining  for  two  hours 
in  boiling  water.  It  was  therefore  certainly  free  from  potassium. 
It  was  next  kept  for  half  an  hour  in  nitnc  acid  diluted  with  its 
relume  of  water.  The  loss  amounted  to  only  a  fraction  of  a  mil- 
ligram, and  the  point  of  fusion  remained  unaltered.  The  calcu- 
lation of  M.  Mendel^eff  for  a  hypothetic  substance  which  seems 
to  correspond  to  gallium,  at  least  in  several  of  its  properties,  con- 
ducted to  the  number  6 '9.  The  fii"st  measurement  with  6  centi- 
grams gave  a  density  of  4*7  at  16®.  Later  observations  gave 
the  higher  results  of  5*5  to  6*2.  Finally,  a  measurement  with  58 
centigrams  gave,  in  two  experiments,  5*90  and  6*97.  The  same 
gallium  was  afterwards  kept  during  half  an  hour  between  60°  and 
70*  in  nitric  acid  diluted  with  its  volume  of  water,  washed,  pretty 
strongly,  heated,  and,  finally,  solidified  in  dry  air.  Its  density  at 
24® '46  was  then  5*956. —  Cotnptes  Jtendtis,  Ixxxiii,  611,  Phil,  Juay.y 
ii,  898.  E.  c.  p. 

10.  Ptasticity  of  Ice. — Prof.  Bianconi,  of  Bologna,  in  1871, 
published  some  experiments  on  the  bending  and  torsion  of  bars 
and  planks  of  ice  (Mem.  Acad,  of  Bologna^  3d  ser.,  voL  L)  ITiese 
show  that  ice  may  undergo  slow  changes  of  form  without  any 
crushing  or  regelation,  and  that  notwithstanding  its  brittleness  it 
possesses  a  slight  degree  of  plasticity.  Now  Prof.  Bianconi  gives 
the  results  of  mrther  experiments  on  ice,  much  like  those  of  Heim, 
or,  yet  more,  those  of  Mr.  Tresca  on  the  puncbeoning  of  melala. 
Grranite  pebbles  and  iron  plates  are  slowly  pressed  into  ice  at  the 
lame  temperatures,  and  not  only  do  they  penetrate  into  it  as  they 
(vould  penetrate  into  a  fluid  or  semi-fluid,  but  also  the  particles  of 
oe  are  laterally  repulsed  from  beneath  the  intruding  body,  and 
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form  around  it  a  rising  fringe.  Moreover,  when  a  flat  piece  of 
iron  is  pressed  into  the  ice,  the  fringe  rising  around  it  expands  lat- 
erally upon  the  borders  of  the  piece,  and  tends  thus,  as  in  fluids, 
to  All  up  the  cavity  made  by  the  body  driven  in.  These  experi- 
ments tend  thus  greatly  to  illustrate  the  plasticity  of  ice ;  but  it 
would  be  very  desirable  that  Mr.  Bianconi  if  he  continues  his 
researches,  should  accompany  them  by  some  measurements  (as 
has  already  been  done  by  Mr.  Heim),  in  order  to  obtain  numeri- 
cal values  of  the  plasticity  of  ice  under  various  circumstances. — 
Nature^  xv,  69;  Jour,  de  Phys,^  v,  317.  e.  c.  p. 

11.  Velocity  of  Electricity. — Dr.  Sabine  has  devised  a  method 
of  measuring  the  contour  of  electric  waves  passing  through  tele- 
graph lines.  It  is  probable  that  in  this  sense  sdone  electricity 
may  be  said  to  have  a  velocity.  The  early  experiments  on  the 
time  elapsing  between  starting  electricity  into  one  end  of  a  con- 
ductor and  receiving  it  at  the  other  end,  gave  totally  contradic- 
tory results.  This  interval  would  depend  on  the  electromotive 
force  employed,  the  resistance  and  capacity  of  the  conductor,  and 
the  sensitiveness  of  the  receiving  instrument.  It  would  therefore 
by  no  means  be  proportionate  to  the  length.  By  the  following 
method  the  electrical  condition  of  any  point  of  the  line  may  be 
examined  quantitatively  at  intervals  of  *001  of  a  second  or  less 
after  starting  the  electric  impulse.  It  thus  becomes  possible  to 
measure  the  form  and  speed  of  a  wave.  Suppose  one  end  ^  of  a 
conductor  A  B  is  placed  to  earth,  and  that  the  other  B  is  con- 
nected with  one  pole  of  a  battery  whose  second  pole  is  put  to 
earth.  Then  any  point  of  the  conductor  as  C  will  assume  a  po- 
tential which  will  be  proportional  to  the  resistance  of  A  C  This 
potential  may  be  measured  by  connecting  C  for  an  instant  with  a 
condenser  or  accumulator,  and  then  discharging  the  latter  through 
a  delicate  galvanometer.  When  the  circuit  is  first  closed  a  minute 
inter\'al  of  time  is  required  before  C  will  attain  its  full  poten- 
tial measurements  made  of  the  relation  of  these  quantities  show 
the  form  of  the  electric  wave  passing  the  point  C,  The  only  me- 
chanical difficulty  is  to  constnict  a  chronograph  which  will  allow 
C  to  be  connected  with  the  condenser,  a  small  but  accurately 
determined  time  after  A  is  connected  with  the  battery.  A  heavy 
wheel  of  brass  is  set  in  motion  by  a  steel  spring  so  that  it  shall 
revolve  exactly  twice  a  second.  The  interval  through  which  the 
spring  acts  bemg  always  the  same,  a  nearly  constant  velocity  is 
always  imparted.  The  disc  is  divided  into  600  equal  parts.  A 
movable  index  serves  to  regulate  the  angle  through  which  the 
disk  turns  between  the  two  connections  to  be  recorded.  The  time 
of  revolution  of  the  disk  was  first  determined  by  noting  the  fig- 
ures read  in  succession  under  the  film  of  a  small  telescope,  when 
the  disk  was  illuminated  by  half-second  flashes  of  an  mduction 
coil.  The  force  of  the  spring  and  the  position  of  the  trigger  re- 
leasing it  were  adjusted  until  the  right  velocity  was  obtained. 
Recently  a  condenser  was  discharged  through  a  known  resistance 
for  some  interval  indicated  by  the  disk,  and  the  time  calculated 
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>rdiiig  to  the  leakage  formula,  from  the  initial  and  final  read- 
\  of  the  galvanometer.  If  the  two  do  not  agree,  the  spring  is 
red  until  they  do;  but  its  action  is  found  to  be  very  constant 

not  to  need  alteration,  except  afler  taking  the  apparatus  to 
jes  for  alteration.  Several  series  of  experiments  are  given,  and 
results  show  the  delicacy  and  accuracy  of  the  method. — PhU, 
g.^  ii,  p.  321.  e.  c.  p. 

2.  Chemistry  and  Physics  in  America.  Address  before  the 
\eric*tn  Chemical  /Society  at  its  session  on  the  IQth  of  kut 
ffentber^  by  Prof.  John  W.  Dbapub,  its  President. — The  fol- 
ing  is  the  latter  half  of  the  able  address  of  Prof.  Draper,  the 
>le  of  which  would  here  be  cited  if  space  allowed.  "  In  our 
I  special  science,  chemistry,  all  that  has  been  done  has  only 
red  to  extend  the  boundary  of  what  remains.  The  thousands 
nalyses  that  have  been  made  have  brought  us  into  a  wilderness 
results.  We  have  not  been  able  to  rise  to  a  point  of  view  suf- 
!ntly  high  to  discover  wiiat  is  the  true  place  of  those  results  in 
ire.  We  try  to  represent  on  the  pages  of  our  books  and  on 
skboards  formulas  of  the  constitution  of  things,  conscious  all 
time  that  these  are  at  the  best  only  convenient  fictions,  which 
$t  necessarily  change  as  we  gain  a  more  perfect  insight  into 
L  grandest  of  all  problems,  the  distribution  of  Force  in  Space, 

tne  variations  to  which  it  is  liable.  The  geometry  of  chemis- 
is  that  of  three  dimensions,  not  of  two.     We  have  to  consider 

relation  of  points  not  situated  on  one  plane,  and  hence  it  is 
essary  to  employ  three  axes  of  reference ;  nay,  even  more,  we 
not  avoid  the  conception  of  the  mathematical  method  of  qua- 
dons.  Our  inadequate  information  respecting  the  real  group- 
of  atoms  is  followed  as  a  necessary  consequence  by  imperfec- 
i  in  our  methods  of  nomenclature,  the  confusion  in  this  respect 
Dming,  as  we  all  too  well  know,  every  day  worse  and  worse. 
Lnd  now  while  we  have  accomplished  only  a  most  imperfect 
mination  of  objects  that  we  find  on  the  earth,  see  how,  on  a 
den,  through  the  vista  that  has  been  opened  by  the  spectro- 
je,  what  a  prospect  lies  beyond  us  in  the  heavens  I  I  often 
£  at  the  bright  yellow  ray  emitted  from  the  chromosphere  of 

sun,  by  that  unknown  element.  Helium,  as  the  astronomers 
f  ventured  to  call  it.     It  seems  trembling  with  excitement  to 

its  story,  and  how  many  unseen  companions  it  has.  And  if 
.  be  the  case  with  the  sun,  what  shall  we  say  of  the  magniti- 
t  hosts  of  the  stars  ?  May  not  every  one  of  them  have  special 
nents  of  its  own  ?  Is  not  each  a  chemical  laboratory  in  itself? 
>k  at  the  clusters  in  the  sword-handle  of  Perseus  ;  in  Cassiopeia, 
niverse  of  stars  on  a  ground  of  star  dust;  in  Hercules,  of 
ich  as  astronomers  say,  no  one  can  look  at  for  the  iirst  time 
5ugh  a  great  telescope  without  a  shout  of  wonder — the  most 
erb  spectacle  that  the  eye  of  man  can  witness  !  Look  at  the 
ible  stars  of  which  so  many  are  now  known,  emitting  their 
trasting  rays,  garnet,  or  ruby,  or  emerald,  or  sapphire.  Each 
a  accordance  with  its  own  special  physical  conditions,  though 
are  under  the  same  universal  ordinance. 
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Now  here  a  fact  of  surpassing  importance  presses  itself  on  our 
attention.  The  movements  taking  place  in  those  distant  bodies 
are  taking  place  under  the  same  laws  that  prevail  here  on  earth, 
and  in  our  solar  system.  The  law  of  gravitation,  as  developed 
by  Newton,  bears  sway  in  all  those  distant  worlds.  In  them 
bodies  attract  each  other  with  forces  directly  as  their  masses  and 
inversely  as  the  sijuares)  of  their  distances.  There  the  laws  of  the 
emission,  absorption,  and  transmission  of  light  are  the  same  is 
they  are  with  us.  There  ignited  hydrogen  gives  forth  its  three 
rays,  the  same  rays  that  it  gives  forth  to  us.  In  the  uttermoet 
parts  of  the  universe  the  law  of  definite  combination,  the  numeri- 
cal law,  and  the  multiple  law,  stand  good.  Sodium  absorbs  its 
two  waves  of  definite  refran^ibility,  and  iron  gives  in  the  spectra 
its  more  than  a  hundred  lines,  more  than  a  hundred  silent  but 
convincing  witnesses  of  the  uniformity  of  the  constitution  of  the 
universe.  There  the  number  of  vibrations  that  constitute  a  ray 
of  definite  refrangibility  is  the  same  we  have  found  it  to  be  here. 
In  the  enormous  heat  of  those  central  suns  the  dissociation  of 
molecules  may  be  of  a  higher  order  than  we  can  reach  artificially, 
but  the  law  under  which  it  takes  place  is  a  continuation  of  the 
law  here.  There,  though  the  weight  of  a  given  mass  of  matter  is 
different  from  what  it  is  with  us,  it  is  nevertheless  determined  by 
the  law  that  determines  here — ^the  law  of  gravitation.  There 
energy  is  indestructible,  and  is  measured  as  it  is  measured  among 
us,  by  work.  Then  is  there  any  boundary  that  we  can  assign  to 
natural  law — is  it  not  omnipresent,  universal  ? 

Perhaps  there  is  no  exaggeration  in  the  assertion — for  there 
seems  abundant  proof  of  its  truth— that  the  light  by  which  we 
see  some  of  those  distant  orbs  has  crossed  through  such  a  pro- 
digious space  that  millions  of  years  have  transpired  during  the 
journey.  Then  the  phenomena  it  brings  to  us  are  those  that  were 
engendered  in  the  beginning  of  the  vast  time  so  passed.  What- 
ever there  is  that  is  in  harmony  with  facts  now  happening  here,  is 
to  us  an  unimpeachable  evidence  that  the  laws  which  were  govern- 
ing in  those  old  ages  have  undergone  no  depreciation,  but  are 
active  as  ever  until  now.  Then  shall  I  exaggerate  if  I  say  that 
these  laws  are  eternal  in  duration  ? 

Infinite  in  infiuence,  eternal  in  duration,  what  a  magnificent 
spectacle  ?  In  the  resistless  energy  of  the  motions  of  the  uni- 
verse is  there  not  omnipotence  ?  The  Omnipotent,  the  Infinite, 
the  Eternal,  to  what  do  these  attributes  belong  ?  !Shall  a  man 
who  stands  forth  to  vindicate  the  majesty  of  such  laws  be  blama- 
ble  in  your  sight?  Rather  shall  you  not  with  him  be  ove^ 
whelmed  with  a  conception  so  stupendous?  And  yet  let  us  not 
forget  that  these  eternal  laws  of  nature  are  only  the  passing 
thoughts  of  God. 

But  gi*and  as  this  is,  there  is  something  still  grander.  There  is 
another  temple  into  which  we  have  to  pass,  not  that  of  the  visible 
but  that  of  the  invisible.  We  must  persist  in  the  invasion  we 
have  made,  in  the  revolution  we  have  brought  about  in  Physiol- 
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We  have  to  determine  the  laws  which  preside  in  the  ner- 
(  system  of  man,  and  discover  the  nature  of  the  principle  that 
lates  it«     Is  there  not  something  profoundly  impressive  in  this, 

the  human  mind  can  look  from  without  upon  itnelf^  as  one 
s  at  his  phantom  image  in  a  mirror,  and  discern  its  own  linea- 
ts  and  admire  its  own  movements.  My  own  thoughts  have 
ite  years  been  forcibly  drawn  to  this,  from  a  recognition  that 
interpretation  by  the  mind  of  impressions  from  without  takes 
e  unaer  mathematical  laws,  as  for  instance,  that  when  exter- 
ethereal  vibrations  create  in  the  mind  a  certain  idea,  that 
e  idea  will  arise  when  the  vibrations  are  doubled,  or  tripled, 
[uadrupled  in  frequency ;  but  other  ideas  will  be  engendered 
ibrations  of  an  intermediate  rate.  Yet  what  these  ideas  will 
lay  be  predicted.  It  is  true  that  this  is  only  an  optical  case, 
it  extends  the  view  that  has  been  offered  to  us  by  a  study  of 
structure  of  the  ear.  In  the  labyrinthine  compartment  of  that 
in  the  ultimate  fibers  of  the  auditory  nerve  are  laid  on  the 
ling  plane  of  the  spiral  lamina,  in  ever-decreasing  lengths, 
.  capaDle  of  trembling  to  the  sound  which  is  in  unison  with  it 
mechanical  action  truly,  answering  to  the  sympathetic  vibra- 

with  which  the  strings  of  a  piano  will  respond  to  the  corre- 
iding  notes  of  a  flute — and  these  are  translated  by  the  mind 

all  the  utterances  of  articulate  speech,  all  the  harmonies  of 
ic — speech  that  engenders  new  ideas  within  us,  strains  which, 
igb  tney  may  die  away  in  the  air,  live  forever  in  the  memory. 

exquisite  delight  we  experience  in  listening  to  the  works  of 
ereat  composers  arises  thus  in  mechanical  movements,  which 
;he  issue  of  mathematical  combinations.  The  unseen  world  is 
\r  the  influence  of  number  I 

at  what  is  number  except  there  be  one  who  numbers  ?  When 
ipey,  in  his  Syrian  war,  broke  into  the  holy  of  holies  at 
Aa^m,  he  expressed,  as  Tacitus  tells  us,  his  astonishment  that 
e  was  no  image  of  a  Divinity  within ;  the  shrine  was  silent 
empty.  And  so,  though  after  death  we  may  anatomize  and 
ore  the  inmost  recesses  of  the  brain,  the  vailed  Genius  that 
'  presided  there  has  eluded  us,  and  has  not  left  so  much  as  a 
itom  trace,  a  shadow  of  himself 

be  experiments  of  Galvani  and  Yolta  have  not  yet  reached 
r  conclusion ;  those  of  Faraday  and  Du  Bois  Reymond  have 

yielded  a  preliminary  suggestion  as  to  the  nervous  force, 
spting  the  great  sympathetic  nerve,  the  nervous  fibers  them- 
es are,  as  is  well-known,  of  two  classes^ those  that  gather  the 
ressions  of  external  things  and  convey  them  to  the  nerve-cen- 

and  those  that  transmit  the  dictates  of  the  will  from  within 
rardly.  The  capabilities  of  one  of  the  former — the  apparatus 
sight — have  been  greatly  improved  by  various  optical  con- 
inces,  such  as  microscopes  and  telescopes,  an  earnest  of  what 

hereafter  be  done  as  respects  the  four  other  special  organs  of 
e;  and  as  concerns  the  second  class,  the  result  of  mental  ope- 
>ns,  the  resolves  of  the  will,  may  be  transmitted  with  greater 
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velocity  than  even  in  the  living  Bystem  itself,  and  that  across  vast 
terrestrial  distances,  or  even  beneath  the  sea.  Telegraphic  wires 
are,  strictly  speaking,  continuations  of  the  centrifugal  nerves,  and 
we  are  not  without  reason  for  believing  that  it  is  the  same  influ- 
ence which  is  active  in  both  cases. 

In  a  scientific  point  of  view,  such  improvements  in  the  capabil- 
ities of  the  organs  tor  receiving  external  impressions,  such  exten- 
sions to  the  distances  to  which  the  results  of  intellectual  acts  and 
the  dictates  of  the  will  may  be  conveyed,  constitute  a  true  devel- 
opment, an  evolution,  none  the  less  real  though  it  may  be  of  an 
artificial  kind.  If  we  reflect  carefully  on  these  things,  bearing  in 
mind  what  is  now  known  of  the  course  of  development  in  the  ani- 
mal series,  we  shall  not  fail  to  remark  what  a  singular  interest 
gathers  round  these  artificial  developments — artificial  they  can 
scarcely  be  called,  since  they  themselves  have  arisen  interiorly. 
They  are  the  result  of  intellectual  acts.  Man  has  been  develop 
ing  himself.  He,  so  far  as  the  earth  is  concerned,  is  becoming 
omnipresent.  The  electrical  nerves  of  society  are  spread  to  a 
plexus  all  over  Europe  and  America ;  their  commissural  strands 
run  under  the  Atlantic  and  the  Pacific. 

In  many  of  the  addresses  that  have  been  made  during  the  past 
summer,  on  the  Centennial  occasion,  the  shortcomings  of  the 
United  States  in  extending  the  boundaiies  of  scientific  knowledge, 
especially  in  the  physical  and  chemical  departments,  have  been 
set  forth.  "  We  must  acknowledge  with  shame  our  inferiority  to 
other  people,"  says  one.  "  We  have  done  nothing,"  says  another. 
Well,  if  all  this  be  true  we  ought  perhaps  to  look  to  the  condition 
of  our  colleges  for  an  explanation.  But  we  must  not  forget  that 
many  of  these  humiliating  accusations  are  made  by  persons  who 
are  not  of  authority  in  the  matter;  who,  because  they  are  igno- 
rant of  what  has  been  done,  think  that  nothing  has  been  done. 
They  mistake  what  is  merely  a  blank  in  their  own  information  for 
a  bmnk  in  reality.  In  their  alacrity  to  depreciate  the  merit  of 
their  own  country,  a  most  unpatriotic  alacrity,  they  would  have 
us  confess  that  for  the  last  century  we  have  been  living  on  the 
reputation  of  Franklin  and  his  thunder-rod. 

Perhaps,  then,  we  may  without  vanity  recall  some  facts  that 
may  relieve  us  in  a  measure  from  the  weight  of  this  heavy  accusa- 
tion. We  have  sent  out  expeditions  of  exploration  both  to  the 
Arctic  and  Antarctic  seas.  We  have  submitted  our  own  coast 
to  a  hydrographic  and  geodesic  survey,  not  excelled  in  exactness 
and  extent  by  any  similar  works  elsewhere.  In  the  accomplish- 
ment of  this  we  have  been  compelled  to  solve  many  physical 
problems  of  the  greatest  delicacy  and  highest  importance,  and 
we  have  done  it  successfully.  The  measuring  rods  with  which 
the  three  great  base  lines  of  Maine,  Long  Island,  Georgia,  were 
determined,  and  their  beautiful  mechanical  appliances,  have 
exacted  the  publicly  expressed  admiration  of  some  of  the  greatest 
European  philosophers,  and  the  conduct  of  that  survey  tneir  un- 
stinted applausa     We  have  instituted  geological  surveys  of  many 
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of  our  States  and  much  of  our  Territories,  and  have  been  rewarded 
not  merely  by  manifold  local  benefits,  but  also  by  the  higher 
honor  of  extending  very  greatly  the  boundaries  of  tnat  noble  sci- 
ence. At  an  enormous  annual  cost  we  have  maintained  a  meteor- 
ological signal  system,  which  I  think  is  not  equaled  and  certainly 
is  not  surpassed  in  the  world.  Should  it  be  said  that  selfish  in- 
terests have  been  mixed  up  with  some  of  these  undertakings,  we 
may  demand  whether  there  was  any  selfishness  in  the  survey  of 
the* Dead  Sea?  Was  there  any  selfishness  in  that  mission  that  a 
citizen  of  New  York  sent  to  equatorial  Africa  for  the  finding  and 
relief  of  Livingstone,  any  in  the  astronomical  expedition  to  South 
America,  any  in  that  to  the  valley  of  l!:.  Amazon  ?  Was  there 
any  in  the  sending  out  of  parties  for  the  ulser>'ation  of  the  total 
eclipses  of  the  sun  ?  It  was  by  American  astronomers  that  the 
true  character  of  his  corona  was  first  determined.  Was  there  any 
in  the  seven  expeditions  that  were  despatched  for  observing  the 
transit  of  Venus  ?  Was  it  not  here  that  the  bi-partition  of  Biela's 
comet  was  first  detected,  here  that  the  eighth  satellite  of  Saturn 
was  discovered,  here  that  the  dusky  ring  of  that  planet,  which 
bad  escaped  the  penetrating  eye  of  Herschel  and  all  the  great 
European  astronomers,  was  first  seen?  Was  it  not  by  an  Ameri- 
can telescope  that  the  companion  of  Sirins,  the  brightest  star  in 
the  heavens,  was  revealed,  and  the  mathematical  prediction  of  the 
cause  of  his  perturbations  verified  ?  Was  it  not  by  a  Yale  Col- 
lege professor  that  the  showers  of  shooting  stars  were  first  scien- 
tifically discussed,  on  the  occasion  of  the  grand  American  display 
of  that  meteoric  phenomenon  in  1 833  ?  Did  we  not  join  in  the 
investigations  respecting  terrestrial  magnetism  instituted  by  Euro- 
pean governments  at  the  suggestion  of  Humboldt,  and  contribute 
our  quota  to  the  results  obtained  ?  Did  not  the  Congress  of  the 
United  States  vote  a  money  grant  to  carry  into  effect  the  inven- 
tion of  the  electric  telegraph?  Does  not  the  published  flora  of 
the  United  States  show  that  something  has  been  done  in  botany  ? 
Have  not  very  important  investigations  been  made  here  on  the 
induction  of  magnetism  in  iron,  the  effect  of  magnetic  currents  on 
one  another,  the  translation  of  quantity  into  intensity,  and  the 
converse  ?  Was  it  not  here  that  the  radiations  of  incandescence 
were  first  investigated,  the  connection  of  increasing  temperature 
with  increasing  refrangibility  shown,  the  distribution  of  light, 
heat,  and  chemical  activity  in  the  solar  spectrum  ascertained,  and 
some  of  the  fundamental  facts  in  spectrum  analysis  developed 
long  before  general  attention  was  given  to  that  subject  in  Europe? 
Here  the  first  photograph  of  the  moon  was  taken,  here  the  first  of 
the  diffraction  spectrum  was  produced,  here  the  first  portraits  of 
the  human  face  were  made — an  experiment  that  has  given  rise  to 
an  important  industrial  art ! 

Of  our  own  special  science,  chemistry,  it  may  truly  be  affirmed 
that  nowhere  are  its  most  advanced  ideas,  its  new  conceptions, 
better  understood  or  more  eagerly  received.  But  how  useless 
would  it  be  for  me  to  attempt  a  description  in  these  few  moments 
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of  what  Prof.  Silliman,  in  the  work  to  which  I  have  already  re- 
ferred, found  that  he  could  not  include  on  more  than  100  clonely 
printed  pages,  though  he  proposed  merely  to  give  the  names  ci 
American  chemists  and  the  titles  of  their  works.  It  would  he 
equally  useless  and  indeed  an  invidious  task  to  offer  a  selection; 
but  this  may  be  said,  that  among  the  more  prominent  memoirs 
there  are  many  not  inferior  to  the  foremost  that  the  chemical 
literature  of  Europe  can  present.  Mow  unsatisfactory  then  is  this 
brief  statement  I  have  made  of  what  might  be  justly  claimed  for 
American  science !  Had  it  been  ten  times  as  long,  and  far  more 
forcibly  offered,  it  would  still  have  fallen  short  of  completeness. 
I  still  should  have  been  open  to  the  accusation  of  not  having  done 
justice  to  the  subject. 

Have  those  who  gloat  over  the  shortcomings  of  American  sci- 
ence ever  examined  the  Coast  Survev  Reports,  those  of  the  Naval 
Observatory,  the  Smithsonian  Contributions,  those  of  the  American 
Association  for  the  Advancement  of  Science,  the  Proceedings  of 
the  American  Academy  of  Arts  and  Science,  those  of  the  Ameri- 
can Philosophical  Society,  the  Lyceum  of  Natural  History,  and 
our  leading  scientific  periodicals?  Have  they  ever  looked  at  the 
numerous  reports  published  by  the  authoritv  of  Congress  on  geo- 
graphical, geological,  engineering,  and  other  subjects — reports 
often  in  imposing  quartos  magnificently  illustrated. 

Not  without  interest  may  we  explore  the  origin  of  the  deprecia- 
tion of  which  we  complain.  In  other  countries  it  is  commonly  the 
case  that  each  claims  for  itself  all  that  it  can,  and  often  more  than 
is  its  due.  £ach  labors  to  bring  its  conspicuous  men  and  its  pub- 
lic acts  into  the  most  favorable  point  of  view ;  each  goes  upon  the 
maxim  that  a  man  is  usually  valued  at  the  value  he  puts  upon 
himself.  But  how  is  it  with  us  ?  Can  an  impartial  person  read 
without  pain  the  characters  which  we  so  often  attribute  to  our 
most  illustrious  citizens  in  political,  and  what  is  worse,  in  social 
life  ?  Can  we  complain  if  strangers  accept  us  at  our  own  depre- 
ciation, whether  of  men  or  things  ? 

We  need  not  go  far  to  detect  the  origin  of  all  this — it  is  in  our 
political  condition.  Here  wealth,  power,  preferment — preferment 
even  to  the  highest  position  in  the  nation — are  seemingly  within 
the  reach  of  all,  and  in  the  internecine  struggle  uiat  takes 
place  every  man  is  occupied  in  pushing  some  other  man 
mto  the  background.  I  fear  that  in  political  life  there  is  no 
remedy  for  this,  such  is  the  violence  of  the  competition,  so  great 
are  the  prizes  at  stake.  But  in  the  less  turbulent  domain  of 
science  and  letters  we  may  hope  for  better  things.  And  those 
who  make  it  their  practice  to  decry  the  contributions  of  their  own 
country  to  the  stock  of  knowledge  may  perhaps  stand  rebuked  by 
the  expressions  that  sometimes  fall  from  her  generous  rivals. 
How  can  they  read  without  blushing  at  their  own  conduct  such 
declarations  as  that  recently  uttered  by  the  great  organ  of  Eng- 
lish opinion,  the  foremost  of  English  journals  ?  The  Times,  which 
no  one  will  accuse  of  partiality  in  this  instance,  says :  "  In  the 
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ml  distribution  of  subjects,  the  history  of  enterprise,  discovery, 

conquest,  and  the  erowth  of  republics  fell  to  America,  and 
has  dealt  nobly  with  them.  In  the  wider  and  multifarious 
dnces  of  art  and  science  she  runs  neck  and  neck  with  the 
her  country  and  is  never  left  behind !" 

here  are  among  us  some  persons  who  depreciate  science  merely 
ugh  illiterate  arrogance;  there  are  some  who,  incited  by 
frficiality,  dislike  it;  there  are  some  who  regard  it  with 
vil  eye,  because  they  think  it  is  undermining  the  placid  tran- 
iity  they  find  in  lifelong  cherished  opinions.     There  are  some 

hate  it  because  they  fear  it,  and  many  because  they  find  that 
in  conflict  with  their  interests.  But  let  us  who  are  the  servants 
tcience,  who  have  dedicated  ourselves  to  her,  take  courage. 
'  by  day  the  number  of  those  who  hold  her  in  disfavor  is 
inishing.  We  can  disregard  their  misrepresentations  and 
klictions.  Mankind  has  made  the  great  discovery  that  she  is 
long  hoped-for  civilizing  a^ent  of  the  world.  Let  us  continue 
labor  unobtrusively,  conscious  of  the  integrity  of  our  motives, 
icious  of  the  portentous  change  which  is  taking  place  in  the 
ight  of  the  world,  conscious  of  the  irresistible  power  which  is 
nd  us !  Let  us  not  return  railing  for  railing,  but  above  all, 
OS  deliver  unflinchingly  to  others  the  truths  that  Nature  has 
irered  to  us ! 

he  book  of  Nature  I  shall  not  we  chemists,  and  all  our  brother- 
ents,  whether  they  be  naturalists,  astronomers,  mathematicians, 
ogists,  shall  we  not  all  humbly  and  earnestly  read  it  ?  N  ature, 
mother  of  us  all,  has  inscribed  her  unfading,  her  eternal  record 
;he  canopy  of  the  skies,  she  has  put  it  all  around  us  on  the 
form  of  the  earth  I  No  man  can  tamper  with  it,  no  man  can 
rpolate  or  falsify  it  for  his  own  ends.  She  does  not  command 
'hat  to  do,  nor  order  us  what  to  think.     She  only  invites  us  to 

around.  For  those  who  reject  her  she  has  in  reserve  no 
nges,  no  social  ostracism,  no  index  expurgatorius^  or  auto  da 

To  those  who  in  purity  of  spirit  worship  in  her  heaven- 
lioned  temple,  she  offers  her  guidance  to  that  cloudy  shrine 
rhich  Truth  sits  enthroned,  "  dark  with  the  excess  of  light  I" 
;ber  are  repairing,  not  driven  by  tyranny,  but  of  their  own 
»rd,  increasing  crowds  from  all  countries  of  the  earth,  conscious 

whatever  their  distentions  of  opinion  may  heretofore  have 
I,  in  her  presence  they  will  find  intellectual  concord  and  unity, 
L  Prof.  Draper^s  researches  in  Physics, — Prof.  Draper's  re- 
ches  are  a  very  prominent  part  of  the  scientific  work  of  the 
itry.  We  cite  the  following  from  the  Address  of  the  Presi- 
;  of  the  American  Academy  of  Arts  and  Sciences,  in  March 

on  the  presentation  to  Prof.  Draper  of  the  Rumford  medals. 

DS. 

an  elaborate  investigation,  published  in  1841,  Dr.  Draper  established  ezperi- 
illy  the  following  important  facts:  1.  All  solid  substances,  and  probably 
Is,  become  incandescent  at  the  same  temperature.  2.  The  thermometric 
at  which  substances  become  red-hot  is  about  971"  Fahr.  3.  The  spectrum 
I  incandescent  solid  is  continuous ;  it  contains  neither  bright  nor  dark  fixed 
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lines.  4.  From  oommon  temperature«  nearly  up  to  977**  Fubi,^  the  rays  emitted 
by  a  solid  are  invisible.  At  that  temperature  they  are  red,  and  the  heat  of  the 
incandescing  body  being  made  continuously  to  increase,  other  rays  are  added,  in- 
creasing in  refran^ribility  as  the  temperature  rises.  6.  While  the  addition  of  rays, 
80  much  the  more  refrangible  as  the  temperature  is  higher,  is  taking  place,  there 
is  an  increase  in  the  intensity  of  those  already  ezis^ig.  Thirteen  years  afte^ 
ward  Kirchhoff  published  his  celebrated  memoir  on  the  relations  between  the 
coefflcients  of  emission  and  absorption  of  bodies  for  light  and  heat,  in  which  he 
established  mathematically  the  same  facts,  and  announced  them  as  new.  6.  Dr. 
Draper  claims,  and  we  believe  with  justice,  to  have  been  the  first  to  apply  the 
daguerreotype  process  to  taking  portraits.  7.  Dr.  Draper  applied  ruled  glaesee 
and  specula  to  produce  spectra  for  the  study  of  the  chemical  action  of  light.  The 
employment  of  ruled  metallic  specula  for  this  purpose  enabled  him  to  aToid  the 
absorbent  action  of  glass  and  other  transparent  media,  as  well  as  to  establish  tlie 
points  of  maximum  and  minimum  intensity  with  reference  to  portions  of  the  spec- 
trum defined  by  their  wave  lengths.  He  obtained  also  the  advantage  of  employ- 
ing a  normal  spectrum  in  place  of  one  which  is  abnormally  condensed  at  one  end 
and  expanded  at  the  other.  8.  We  owe  to  him  valuable  and  original  researches 
on  the  nature  of  the  rays  absorbed  in  the  g^wth  of  plants  in  sunlight  These  re- 
searches prove  that  the  maximum  action  is  produced  by  the  yellow  rays,  and  they 
have  been  fully  confirmed  by  more  recent  investigations.  9.  We  owe  to  him, 
further,  an  elaborate  discussion  of  the  chemical  action  of  light,  supported  in  a 
g^eat  measure  by  his  own  experiments,  and  proving  conclusively,  and,  as  we  be- 
Ueve,  for  the  first  time,  that  rays  of  all  wave-lengtiis  are  capable  of  producing 
chemical  changfes,  and  that  too  little  account  has  hitherto  been  taken  of  the  nature 
of  the  substance  in  which  the  decomposition  is  produced.  10.  Finally,  Dr. 
Draper  has  recently  published  researches  on  the  distribution  of  heat  in  the  spec- 
trum, which  are  of  the  highest  interest,  and  which  have  largely  contributed  to  the 
advaucement  of  our  knowledgfe  of  the  subject  of  radiant  energy. 

II.   Geology  and  Mineralogy. 

1.  Explorations  made  under  the  direction  of  F,  Y,  Hayden^  in 
1876. — For  reasons  beyond  the  control  of  the  Geologist  in  charge, 
the  various  parties  composinff  the  United  States  Geological  and 
Geographical  Survey  of  the  Territories,  did  not  commence  their 
field  work  until  August.  Owing  to  the  evidence  of  hostility 
among  the  northern  tribes  of  Indians  it  was  deemed  most  prudent 
to  confine  the  labors  of  the  survey  to  the  completion  of  the  Atlas 
of  Colorado.  Therefore  the  work  of  the  season  of  1876  was  a  con- 
tinuation of  the  labors  of  the  three  preceding  years,  westward,  fin- 
ishing the  entire  mountainous  portion  of  Colorado  with  a  belt  fi^een 
miles  in  width  of  northern  New  Mexico  and  a  belt  twenty-five 
miles  in  breadth  of  eastern  Utah.  Six  sheets  of  the  Physical  Atlas 
are  now  nearly  ready  to  be  issued  from  the  press.  "Each  sheet 
embraces  an  area  of  over  1 1,500  square  miles,  or  a  total  of  70,000 
square  miles.  The  maps  are  constructed  on  a  scale  of  four  miles 
to  one  inch  with  contours  of  200  feet,  which  will  form  the  basis 
on  which  will  be  represented  the  geology,  etc.  The  areas  of 
exploration  the  last  season  are  located  in  the  interior  of  the  con- 
tinent, far  remote  from  settlements  and  among  the  hostile  bands 
of  Ute  Indians  that  attacked  two  of  the  parties  the  previous  year. 

Five  parties  were  engaged  in  field  duty:  one  for  completing 
the  primary  triangulation  of  Colorado,  three  for  topographical 
and  geological  work,  and  one  for  making  observations  in  natural 
history. 
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The  primary  triangnlation  party  was  placed  in  charge  of  A.  D. 
Wilson  and  took  the  field  from  Trinidad,  the  southern  terminus 
of  the  Denver  and  Rio  Grande  Railway,  August  i8th,  making 
the  first  station  on  Fisher's  Peak.  From  this  point  the  party 
inarched  by  the  valley  of  the  Pnrgatoire,  crossed  the  Sangre  de 
Christo  range  by  way  of  Costillia  Pass,  followed  the  west  base  of  the 
range  northward  as  far  as  Fort  Garland,  making  a  station  on 
Colebra  Peak.  About  six  miles  north  of  Fort  Garland  is 
located  one  of  the  highest  and  most  rugged  mountain  peaks  in 
the  west,  called  Blanca  Peak,  the  principal  summit  of  the  Sierra 
Blanca  group.  This  was  ascended  by  the  party  under  Mr.  Wilson, 
and  found  to  be  the  highest  peak  in  Colorado  and  the  second 
peak  in  height  in  the  United  States.  A  comparison  with  some  of 
the  first  class  peaks  in  Colorado  will  show  the  relative  heights. 

Blanca  Peak  above  sea  level,  14,464  feet. 

Mt.  Harvard  "  "  14,384  " 

Gray's  Peak  "  "  14,341  " 

Mt.  Lincoln  "  "  14,296  " 

Mt.  Wilson  "  "  14,280  " 

Long's  Peak  "  "  14,271  " 

XJncompahgre  Peak      "  **  14,235  " 

Pike's  Peak  "  "  14,146  " 

Mr.  Wilson  made  eleven  primary  stations  over  a  large  portion 
of  Southern  and  Western  Colorado  and  completed  about  1,000 
square  miles  of  topography  that  had  been  omitted  by  one  of  the 
parties  of  last  year. 

In  company  with  the  triangnlation  party,  Mr.  Holmes  made  a 
hurried  trip  through  Colorado,  touching  also  portions  of  New 
Mexico  and  Utah.  He  was  unable  to  pay  much  attention  to 
detailed  work,  but  had  an  excellent  opportunity  of  taking  a  gen- 
eral view  of  the  two  great  plain  belts  that  lie,  the  one  along  the 
east,  the  other  along  the  west  base  of  the  Rocky  Mountains. 
For  nearly  2,000  miles  travel  he  had  constantly  in  view  the  Cre- 
taceous and  Tertiary  formations,  among  which  are  involved  some 
of  the  most  interesting  geological  questions.  He  observed  among 
other  things  the  great  persistency  of  the  various  groups  of  rocks 
throughout  the  east,  west  and  north,  and  especially  in  the  west ; 
that  from  Northern  New  Mexico  to  Southern  Wyoming  the 
various  members  of  the  Cretaceous  lie  in  almost  unbroken  belts, 
while  the  Tertiaries  are  hardly  less  easily  followed. 

Between  the  east  and  the  west  there  is  only  one  great  incon- 
gruity. Along  the  east  base  of  the  mountains  the  upper  Cre- 
taceous rocks,  including  Nos.  4  and  5,  are  almost  waiitini^  and 
consisting  at  most  of  a  few  hundred  feet  of  shales  and  laminated 
sandstones.  Along  the  west  base  this  group  becomes  a  prominent 
and  important  topographical  as  well  as  geological  feature.  In 
the  southwest,  where  it  forms  the  "  Mesa  Verde"  and  the  cap  of 
the  Dolores  plateau,  it  comprises  upward  of  2,000  feet  of  coal- 
bearing  strata,  chiefly  sandstones,  while  in  the  north  it  reaches  a 
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thickness  of  8,600  feet  and  forms  the  gigantic  hog-baok  of  the 
Grand  River  valley. 

While  in  the  soatbwest,  he  visited  the  Sierra  Abajo,  a  sraaD 
ffroup  of  mountains  which  lie  in  Eastern  Utah,  and  found  as  he 
had  previously  surmised  that  the  structure  was  identical  with 
that  of  the  four  other  isolated  groups  that  lie  in  the  same  region. 
A  mass  of  trachyte  has  been  forced  up  through  fissures  in  the 
sedimentarv  rocks  and  now  rests  chiefly  upon  the  sandstones  and 
shales  of  the  lower  Cretaceous.  There  is  a  considerable  amount 
of  arching  of  the  sedimentary  rocks,  caused  probably  by  the  intru- 
sion of  wedge-like  sheets  of  trachyte,  while  the  broken  edges  of 
the  beds  are  frequently  bent  abruptly  up  as  if  by  the  upward  or 
lateral  pressure  of  the  rising  mass.  lie  was  able  to  make  many 
additional  observations  on  the  geolo^  of  the  San  Juan  region, 
and  secured  much  valuable  material  for  the  coloring  of  the  final 
map. 

He  states  that  the  northern  limit  of  ancient  clifl;*  builders  in 
Colorado  and  Eastern  Utah  is  hardly  above  latitude  87**  45'. 

The  Grand  River  Division  was  directed  by  Henry  Gannett, 
topographer,  with  Dr.  A.  C.  Peale  as  geologist.  James  Stevenson, 
executive  officer  of  the  survey,  accompanied  this  division  for  the 
purpose  of  assisting  in  the  management  of  the  Indians,  who  last 
year  prevented  the  completion  of  the  work  in  this  locality  by  their 
hostility. 

The  work  assigned  this  division  consisted  in  part  of  a  small 
area  containing  about  1,000  square  miles  lying  south  of  the  Sierra 
la  Sal  The  greater  portion  of  the  work  of  this  division  lay  north 
of  the  Grand  River,  limited  on  the  north  by  the  parallel  of  39®  80' 
and  included  between  the  meridians  of  108**  OO'  and  109®  30'. 

The  geological  work  of  this  division,  by  Dr.  Peale,  connects 
directly  with  that  done  by  him  in  1874  and  1876.  Sedimentary 
formations  prevail  in  both  districts  visited  during  the  past  season. 

The  country  first  examined  lies  between  the  San  Miguel  and 
Dolores  Rivers,  extendiiig  northward  and  northwestward  from 
Lone  Cone  Mountain.  The  general  character  of  this  region  is 
that  of  a  plateau  cut  by  deep  gorges  or  ca&ons,  some  of  which, 
especially  toward  the  north,  extend  from  the  sandstones  of  the 
Dakota  group  to  the  top  of  the  Red  Beds.  The  depth  of  the 
canon  however  is  no  indication  of  its  importance  as  a  stream  bed, 
for  away  from  the  main  streams  they  are  dry  the  greater  portion 
of  the  year.  There  are  no  great  disturbances  of  the  strata,  what 
folds  do  occur  being  broad  and  comparatively  gentle. 

The  San  Miguel  Kiver  leaving  the  San  Juan  Mountains  flows 
toward  the  northwest  and,  with  its  tributaries,  cuts  through  the 
sandstones  of  the  Dakota  group,  exposing  the  variegated  beds 
lying  beneath  that  have  generally  been  referred  to  the  Jurassic. 
About  twenty-five  or  thirty  miles  north  of  Lone  Cone,  the  river 
turns  abruptly  to  the  west  and  flows  west  and  southwest  for 
about  fifteen  miles,  when  it  again  turns  and  flows  generally  north- 
west until  it  joins  the  Dolores.     Between  the  San  Miguel  and 
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e  Cone  the  saDdstones  of  tlie  Dakota  group  or  No.  1  Creta- 
10  are  nearly  horizontal,  forming  a  plateau  which  on  approach- 
the  mountains  has  a  capping  of  Cretaceous  shales, 
eyoud  the  bend,  the  San  Miguel  flows  in  a  monoclinal  valley 
rhich  the  caSon  walls  are  of  the  same  description  as  in  the 
er  part  of  its  course.  As  the  mouth  is  approached  the  Red 
B  appear.  Between  this  portion  of  the  course  of  the  San  Miguel 
the  almost  paralled  course  of  the  Dolores,  which  is  in  a  simi- 
monoclinal  rift,  there  are  two  anticlinal  and  two  synclinal 
^parallel  to  each  other.  They  are  all  occupied  by  branches 
tie  Dolores.  Lower  Cretaceous,  Jurassic  and  Triassic  strata 
rop  and  present  some  interesting  geological  details  which  will 
ully  considered  in  the  report  on  the  district.  The  Dolores 
r  comes  from  a  high  plateau  in  a  zigzag  course,  flowing  some- 
6  with  the  strike  and  sometimes  with  the  dip  of  the  strata. 
general  course  on  the  western  line  is  about  northwest  from 
!D  it  turns  to  the  northward  and  westward,  finally  changing 
orthwest  again  to  its  junction  with  the  Grand.  It  is  in  a 
»n  the  greater  part  of  its  course. 

i  the  region  of  country  north  of  Grand  River,  the  geological 
lations  extend  uninterruptedly  from  the  Red  Beds  exposed  on 
id  River  to  the  White  Tertiary  cliffs  forming  the  summit  of 
e  ^  Roan  Mountains  '*  or  Book  Cliffs.    The  Grand  is  generally 

cation  in  the  Red  Beds.  On  the  north  side  the  No.  1  Cre- 
3aB  sandstones  form  a  hogback  sloping  toward  the  cli& 
veen  the  crest  of  this  hogback  and  the  cliffs,  there  is  a  broad 
;y  formed  by  the  erosion  of  the  soft  Cretaceous  shales  which 
nd  to  the  base  of  the  cliffs  and  in  some  places  form  their 
T  portion. 

le  cliffs  are  composed  mainly  of  Cretaceous  beds,  rising  one 
'e  another  in  steps,  until  an  elevation  of  about  8,000  feet  is 
bed.    The  summit  is  the  edge  of  a  plateau,  sloping  to  N.N.E. 

plateau  is  cut  by  the  drainage  flowing  into  the  White  River 
I  the  south.  These  streams  rarely  cut  through  the  Tertiary 
s. 

>al  of  poor  quality  is  found  in  the  sandstones  of  the  Dakota 
p  and  also  in  the  sandstones  above  the  middle  Cretaceous 
Wherever  noticed  it  was  in  thin  seams  and   of  little 
omic  importance. 

le  White  River  division  was  directed  by  G.  B.  Chittenden  as 
grapher,  accompained  by  F.  M.  £ndlich  as  geologist, 
le  district  assigned  to  this  party  as  their  field  for  exploration 
Qg  the  season  of  1876,  commenced  from  the  eastward  at 
itude  107°  30',  joining  on  to  the  work  previously  done  and 
aded  westward  30  miles  into  Utah  Territory.  Its  southern 
tdary  was  N.  latitude  39**  30',  while  the  White  River  formed 
lorthern  limit.  In  order  to  complete  the  work  to  the  greatest 
ible  advantage  in  the  shortest  time  that  could  be  allowed,  it 
determined  to  make  the  White  River  Agency  headquarters, 
in  two  trips  from  there  complete  the  work.  About  8,800 
re  miles  comprised  the  area  surveyed. 
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According  to  the  report  of  F.  M.  Endlich,  the  geology  of  the 
district  is  very  simple  though  interesting.  Inasmuch  as  but  one 
divide  of  importance  occurred  within  the  district,  the  work  was 
somewhat  simplified.  This  was  formed  by  the  ''Book  Cliffs," 
between  the  drainage  of  the  Grand  on  the  south  and  the  White 
on  the  north.  Both  of  these  rivers  flow  a  little  south  of  west,  into 
the  Green  River  which  they  join  in  Utah.  From  the  junction 
of  the  Grand  and  Green  downward  the  river  is  called  the  Great 
Colorado.  Orographically,  the  region  surveyed  is  comparatively 
simple.  The  *'  Book  Cliffs "  are  the  summit  of  a  plateau  about 
8,000  feet  above  sea  level,  continuing  unbroken  over  to  the  Green 
River.  Toward  the  south  these  cliffs  fall  off  very  steeply, 
forming  deep  cafLons  that  contain  tributaries  of  the  Grand  River. 
On  the  north  side — with  the  dip  of  the  strata — the  slope  is  more 
gentle,  although  in  consequence  of  erosion  numerous  precipitous 
cliffs  are  formed.  Descending  in  that  direction  the  character  of 
the  country  changes.  Instead  of  an  unbroken  slope,  we  find  that 
the  plateau  has  oeen  cut  parallel  by  the  White  Kiver  drainage, 
and  the  long,  charactenstic  mesas  of  that  region  testify  to  the 
action  of  erosion.  Approaching  the  river,  constantly  descending 
with  the  slight  dip  of  the  strata,  the  bluffs  become  lower  and 
lower.  Though  the  creek  valleys  are  wide  and  at  cei*tain  seasons 
no  doubt  well  watered,  the  vegetation  is  that  of  an  arid  country. 
Dwarf  pines,  pinons  and  sage  brush  abound,  to  the  almost  entire 
exclusion  of  other  trees  or  grass.  Traveling  down  White  River 
this  character  is  again  found  to  change.  A  new  series  of  bluffs, 
occasioned  by  heavy  superincumbent  strata,  gives  rise  to  the  for- 
mation of  deep  canons.  For  45  miles  the  party  followed  the  canon 
of  White  River,  that,  no  doubt,  is  analogous  to  that  of  Green 
River,  and  probably  closely  resembles  that  of  the  Colorado  in  its 
detail  features.  Vertical  walls  enclose  the  narrow  river-bottoms, 
and  the  slopes  of  the  higher  portions  are  ornamented  by  thousands 
of  curiously  eroded  rocks.  Monuments  of  all  kinds  and  figures 
that  can  readily  be  compared  to  those  of  animated  beings  enliven 
the  scenery,  which  would  otherwise  be  monotonous  Two  to 
three  thousand  feet  may  be  stated  as  the  height  of  the  walls 
enclosing  the  White  River. 

Geologically  speaking,  the  district  was  one  of  singular  uniform- 
ity. Traveling  westward,  the  older  formations,  reaching  back  as 
far  as  the  Jurassic,  were  found.  These  were  followed  by  Creta- 
ceous which  in  turn  was  covered  with  Tertiary.  About  three- 
quarters  of  the  region  surveyed  was  found  to  contain  beds  belong- 
ing to  this  period.  Owing  to  the  lithographical  character  of  the 
strata,  water  was  a  rare  luxury  in  this  region,  and  men  and  ani- 
mals were  frequently  dependent  upon  springs.  Farther  west 
still,  the  Green  River  group  sets  in,  forming  those  numerous 
canons  of  which  that  of  the  White  River  is  ona 

The  field  work  of  the  Yampah  division,  under  Mr.  G.  R. 
Bechler  as  topographer  and  Dr.  C.  A.  White  as  geologist,  dur- 
ing the  past  season  was  principally  confined  to  a  district  of  north- 
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em  Colorado  lying  between  the  Yampah  and  White  Rivers, 
between  Green  River  and  the  subordinate  range  of  mountains 
lies  west  of  and  parallel  with  the  Park  Range.  The  area  is 
■aced  between  parallels  39°  30'  and  40°  30',  and  meridians  107® 
nd  109°  30'. 

le  rocks  of  this  district  embrace  all  the  sedimentary  forma- 
I  yet  recognized  by  the  investigators  who  have  studied  the 
»n  that  lies  between  the  Park  Range  and  the  Great  Salt 
(,  namely  from  the  Uinta  Quartzite  (which  underlies  the 
oniferous)  to  the  latest  Tertiary,  inclusive.  Not  only  has 
geographical  distribution  of  these  formations  been  mapped, 
all  the  displacements  of  the  strata  have  been  traced  and 
leated.  The  last  named  investigations  bring  out  some 
esting  and  important  facts,  in  relation  to  the  orographic 
>gy  of  the  region,  especially  as  regards  the  eastern  termination 
te  great  Uinta  uplift  and  the  blending  of  its  vanishing  pri- 
r  and  accessory  displacements  with  those  of  the  north  and 
1  range  above  mentioned.  Much  information  was  also 
ined  concerning  the  distribution  of  the  local  drift  of  that 
m ;  the  extent  and  geological  date  of  outflows  of  trap,  etc. 
le  brackish  water  heds  at  the  base  of  the  Tertiary  series, 
lining  the  characteristic  fossils,  were  discovered  in  the  valley 
le  Yampah.     They  are  thus  shown  to  be  exactly  equivalent 

those  now  so  well  known,  in  the  valley  of  Bitter  Creek, 
»ming  Territory.  These  last  named  localities  were  also 
?d  at  the  close  of  the  season's  work,  and  from  the  strata  of 
borizon  at  Black  Buttes  station,  three  new  species  of  Unio 

obtained,  making  six  clearly  distinct  species  in  all  that  have 

obtained  associated  together  in  one  stratum  at  that  locality, 
r  are  all  of  either  distinctively  American  types  or  closely 
ed  to  species  now  living  in  American  fresh  waters.  They 
^sent,  by  their  aflinities,  the  following  living  s|)ecies ;  Unio 
is  Lamarck ;  U,  aecuris  Lea ;  U,  gihbosus  Barnes ;  U.  metu- 
us  Rafinesquc,  and  U.  complanatua  Solander.  They  are  asso- 
d  in  the  same  stratum  with  species  of  the  genera  Corhula^ 
ncula,  Neritlna^  Viviparus^  etc.,  and  which  stratum  alternates 

layers  containing  Ostrea  and  Anouna. 

le  close  affinity  of  these  fossil  Unios  with  species  now  living 
e  Mississippi  Kiver  and  its  tributaries,  seems  plainly  sugges- 
of  the  fact  that  they  represent  the  ancestry  of  the  living  ones, 
nteresting  series  of  facts  has  also  been  collected,  showing  that 
)  of  the  so-called  American  types  of  Unio  were  introduced  in 
:  is  now  the  great  Hocky  Mountain  reo^ion,  as  early  as  the 
ssic  period,  and  that  their  differentiation  had  become  great 
clearly  defined  as  early  as  late  Cretaceous  and  early  Tertiary 
s.  Other  observations  suggest  the  probable  lines  of  geographi- 
distribution,  during  the  late  geological  periods,  of  their 
[itional  descent,  by  one  or  more  of  which  they  have  probably 
led  the  Mississippi  River  system  and  culminated  in  the 
Brous  and  diverse  forms  that  now  exist  there. 
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The  work  of  the  past  season  shows  very  clearly  the  harmonious 
relation  of  the  various  groups  of  strata  over  vast  areas,  that 
although  there  may  be  a  thickening  or  a  thinning  out  of  beds  at 
different  points,  thev  can  all  be  correlated  from  the  Missouri 
River  to  tne  Sierra  N  evada  Basin.  The  fact  also  that  there  is  no 
physical  or  paleontological  break  in  these  groups  over  large  areas, 
m)m  the  Cretaceous  to  the  middle  Tertiary  is  fully  established. 
The  transition  from  marine  to  brackish  water  forms  of  life,  com- 
mences at  the  close  of  the  Cretaceous  epoch  and,  without  any  line 
of  separation  that  can  yet  be  detected,  continues  on  upward  until 
onlv  purely  fresh  water  forms  are  to  be  found.  Dr.  White,  an 
eminent  paleontologist  and  geologist  says  that  the  line  must  be 
drawn  somewhere  between  the  Cretaceous  and  Tertiary  epochs, 
but  that  it  will  be  strictly  arbitrary,  as  there  is  no  physical  break 
to  the  summit  of  the  Bridger  group.  h. 

2.  Geological  Survey  o/"  Kentucky, — Chemical  examination  of 
the  Ashes  of  the  Hemp  and  Buckwheat  Plants,  with  remarks  on 
its  bearing  on  Hemp  Culture  in  Kentucky,  by  R.  Peter,  M.D., 
Chemist  to  the  Survey.  Publications  of  the  Geological  Survey  of 
Kentucky  under  N.  S.  Shaler,  Director.  Part  HI,  voL  ii  Second 
Series.  25  pp.  8vo.  Frankfort,  Kentucky. — The  following  re- 
marks on  hemp  and  the  analyses  are  copied  from  pages  11  to  18 
of  this  Report.  "In  order  to  ascertain  the  relative  fertilizing 
influence  of  the  leaves  and  roots,  three  hemp  plants  were  collected 
July  25th,  1864,  in  t?he  dry  season.  These,  one  male  and  two 
female  plants,  were  about  six  to  seven  feet  high.  The  leaves, 
stems  and  roots,  carefully  separated  and  thoroughly  air  dried, 
weighed  as  follows : 


The  leaves  weighed  23*916  grams,  equal  to  about  30*    per  cent  of  the  whole  plant 
TherooU        "  1-433  **  "  9*3       "  "  " 

The  stems       "        48*430  "  "         60*7 


ti 


tt 
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These  were  separately  incinerated  and  their  ashes  analyzed, 
with  the  following  results : 

RxLATXYB  Ash  ingbeddekts  of  ths  Lbavbs,  Roots,  akd  Stems  of  thb 

Cabbonio  Aom  kzcluded. 


Lime 

Magnesia 

Potash 

Soda 

Phosphoric  acid 
Sulphuric  acid. . 

Ohlorine 

Silica 


Per  oeut  of  phosphates 


Per  cent  of  ash. 
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•236 
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camination  of  the  above  table  it  is  to  be  seen,  that  the 
r  the  flowering  hemp  contain  more  of  the  essential  min- 
redients  of  the  soil  than  all  the  other  parts  of  the  plant ; 
ting  as  they  do,  aboat  80  per  cent  of  the  whole  plant  in 
ried  state,  and  yielding  10*225  per  cent  of  their  weight  of 
carbonic  acid  being  excluded ;  while  the  stems  and  roots, 
igether  form  the  remaining  70  per  cent  of  the  weight  of 
t,  ^ye  an  average  of  less  than  3*5  per  cent  of  ash. 
this  great  excess  in  the  proportion  of  ash  in  the  leaves  due 
to  the  influence  of  the  greater  evaporation  which  takes 
their  surfaces,  causing  a  deposit  or  incrustation  of  lime 
;nesia  salts  and  silica  of  the  nature  of  stalagmite ;  for  we 
while  the  amount  of  silica  in  the  leaves  is  nearly  fourteen 
eater  than  that  in  the  stems,  and  more  than  seven  times 
than  in  the  roots ;  the  lime  more  than  Ave  times  as  great 
n  the  stems,  and  seven  times  more  than  in  the  roots ;  the 
a  three  times  more  than  that  in  the  stems,  and  twice  as 
I  that  in  the  roots ;  the  phosphoric  acid  and  phosphates 
alkalies  are  in  nearly  double  proportion  in  the  leaves  also, 
sulphuric  acid  five  times  greater  in  them  than  in  the 
.nd  about  four  times  greater  than  in  the  roots.  So  that 
e  leaves,  when  in  their  fully  matured  state  or  when  they 
T  fall,  may  possibly  contain  scarcely  any  but  the  less 
alts  which  may  be  left  in  their  tissues  on  tne  evaporation 
rbonated  water  which  held  them  in  solution  in  the  sap, 
tain,  when  in  the  growing,  active  condition,  like  all  other 
jrbage,  a  very  large  proportion  of  salts  of  potash,  and  of 
lineral  elements  of  plant  nourishment,  and  hence  may 
enrich  the  soil  on  which  they  decay.  It  is  obviously  to 
rest  of  the  hemp  farmer,  therefore,  so  to  manage  as  to 
lem  as  regularly  as  possible  over  his  hemp  ground. 
American  Bison^  Living  and  ^Jxtinct ;  by  J.  A.  Allen. 
<^5  ^y  permission  of  N.  S.  Shaler,  Director  of  the 
y  Geological  Survey,  as  voL  iv,  No.  10,  of  the  Memoirs 
Museum  of  Comparative  Zoology  at  Harvard   College, 

fe,  Mass.  246  pp.  4to,  with  12  plates  and  a  colored  map. 
Wgelow  <fc  Co.). — This  work,  beautiful  in  typography,  as 
1  its  illustrations,  is  a  carefully  prepared  monograph  of 
.'rican  bisons,  containing,  as  its  first  part,  descriptions  of 
ies,  and,  as  its  second,  a  thorough  discussion  of  their 
iical  distribution.  Two  extinct  species  are  recognized, 
tifrons  Leidy,  and  B,  antiqmis  Leidy  (z=  B,  crassfcomis 
on).  To  the  description  of  Bison  Americanus  the  author 
d  much  information  on  the  habits  of  the  species  from  his 
rvations.  The  tine  colored  map  is  introduced  to  illustrate 
r  and  present  distribution. 
'ond  (Geological    Survey    of    Pennsylvania,       Harris- 

3port  of  Progress  in  the  Greene  and  Washington  District 
ituminous  Coal-fields  of  Western  Pennsylvania,  by  J.  J. 
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Stevenson.     420  pp.  8vo,  with  3  sections  and  2  County  maps, 
showing  the  calculated  local  depths  of  the  Pittsburg  and  W. 

(2.)  lieport  of  Progress  in  the  District  of  York  and  Adams 
Counties.  196  pp.  8vo,  with  Maps  and  Cross-sections  showing  the 
Iron-ore  belts  and  individual  Mines ;  by  Peksifob  Frazeb,  Jr. 

Mr.  Stevenson's  Report,  after  chapters  on  the  physical  features 
of  the  district  and  its  Quaternary  geology,  describes  in  detail  the 
Carboniferous  strata,  their  nature,  positions  and  relations,  and 
then  takes  up  the  special  geology  of  the  several  townships,  giving 
numerous  sections,  and  much  information  on  the  coal  beds  and 
coals.  The  closing  chapter,  on  Economic  Geology,  contains 
information  as  to  the  thickness  and  variations  of  the  coal  beds,  the 
composition  of  coals,  constitution  and  value  of  the  iron-ores,  and  on 
the  distribution  and  source  of  the  petroleum  of  the  dintrict.  Mr. 
Stevenson  concludes,  with  regard  to  the  oil,  that  it  has  not  arisen 
from  the  distillation  of  shales,  but  that  ''it  is  in  the  highest 
degree  probable  that  the  vegetable  matter  [that  of  the  oil-beariog 
sandstone  beds]  instead  of  being  converted  into  coal  was  con  verted 
into  petroleum,  and  that  the  oil  is  indigenous  to  these  sandstones." 

The  TeiTaces  of  the  Ohio  and  Alleghany  valleys  are  described 
as  generally  well  defined.  The  upper  is  of  various  heights,  180, 
260,  and  even  480  feet.  From  Monongahela  to  Pittsburg  terraces 
are  stated  to  be  very  distinct  at  190  and  290  feet;  while  at  the 
former  place  there  are  seven  terraces  at  40,  120,  190,  290,  340, 
400,  and  480  feet ;  and  below  Pittsburg,  at  Chartiers,  there  are 
six,  the  highest  390  feet.  They  indicate  great  height  in  those  val- 
leys for  the  Glacial  flood,  when  water  and  earthy  material  were 
both,  for  a  long  period,  of  indefinite  supply  from  the  melting  o  1 
the  glacier. 

Mr.  Frazer  treats  of  a  belt  in  Eastern  Pennsylvania  which  in- 
cludes numerous  limonite  beds  associated  with  granular  limestone 
and  hydromica  slates,  similar  in  character  and  position  to  those 
characterizing  the  Green  Mountain  region  in  Berkshire,  Mass., 
and  Salisbury,  Connecticut,  and  the  adjoining  parts  of  New  York, 
and  also  in  Vermont.  The  relative  position  of  the  rocks  is  made 
a  special  study,  and  several  sections  presenting  the  author's  pres- 
ent views  on  this  subject  are  given,  though  with  some  expressions 
of  uncertainty.  The  main  point  set  forth  is  that  the  limestones 
and  slates  are  not  conformable — which  is  at  variance  with  moat 
(not  all)  of  the  sections  observed  by  the  writer  in  Berkshire. 
The  volume  also  contains  descriptions  of  some  trap  rocks,  analy- 
ses of  hydromica  slates,  limestones,  and  detailed  descriptions  and 
analyses  of  iron  ores. 

6.  On  the  Glacial  Phenomena  of  North  America ;  by  Pro- 
fessor Otto  Torell,  of  Sweden.  (Proc.  Amer.  Assoc,  Buffalo.) — 
The  following  is  a  report  of  the  paper  by  Professor  Torell  in  the 
New  York  Times  of  August  30. — It  may  be  assumed  that  the 
circumstances  essential  to  the  formation  and  movement  of  glaciers 
are  these :  1.  Abundance  of  moisture  in  the  atmosphere ;  2.  A  low 
temperature,  due  either  to  great  elevations  in  low  latitudes,  or  to 
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high  latitudes  with  or  without  such  elevations  of  land.  These 
conditions  insure  such  accumulations  of  snow  above  the  line  of 
perpetual  frost  as  will  sooner  or  later  pass  the  line  of  perpetual 
enow  and  be  changed  to  ice  and  water.  The  water  becomes  gla- 
cial rivers,  and  the  ice  will  move  as  a  plastic  mass  to  a  line  deter- 
mined by  the  amount  of  snow,  on  the  one  hand,  and  the  climate 
on  the  other.  The  advancing  movement  of  the  glacier  is  accom- 
panied by  erosion  and  scratching  of  the  rocks  below  and  by  the 
different  kinds  of  moraines,  as  till  or  blue  bowlder  clay,  and  yel- 
low nnstratiiied  masses — terminal,  lateral,  and  superficial  moraines. 
Simultaneous  with  these  phenomena  we  have  this  action  of  the 
glacial  river,  namely,  a  partial  denudation  of  the  moraines,  and 
the  formation  of  stratifiea  gravel,  sand,  and  clay. 

The  glacial  phenomena  of  the  Glacial  period  were  as  follows : 
1.  The  sinking  of  the  temperature,  accompanied  by  the  formation 
and  increase  of  glaciers ;  2.  The  motion  of  the  ice  to  its  extreme 
limit;  3.  The  formation  of  moraines,  of  which  a  part  were  moved 
forward  and  constituted  terminal  moraines,  while  another  portion 
was  passed  over  by  the  ice,  and  then  became  bottom  or  ground 
moraines ;  4.  The  removal  by  this  advancing  glacier  of  the  glacial 
river  deposits,  or  the  covering  of  them  by  the  glacier  itself  and  its 
ground  moraine.  A  geological  section  of  the  edge  of  the  ice 
would  then  present  either  (a)  preglacial  beds ;  (h)  stratified  gla- 
cial deposits ;  (c)  a  ground  moraine ;  (d)  the  ice  with  its  terminal 
moraine :  or  (a)  scratched  rocks ;  (c)  a  ground  moraine ;  (d)  ice 
and  terminal  moraines.  The  first-named  section  is  most  common 
in  the  portions  of  Europe  covered  by  Scandinavian  erratics.  The 
second  is  found  generally  in  Scandinavia  and  in  the  United 
States. 

The  retrograde  movement  of  a  glacier  during  the  period  of 
melting  is  characterized :  1 .  By  the  formations  of  upper  or  termi- 
nal moraines,  which  are  more  or  less  leveled  by  local  backward 
and  forward  movements  of  a  glacier  during  successive  intervals  of 
time ;  2.  By  stratified  river  deposits  lying  upon  the  unst ratified 
yellow  moraine,  so  that  a  section  above  the  sections  just  described 
will  present  (a)  preglacial  beds;  {b)  stratified  deposits;  (c)  till  or 
ffronnd  moraine;   {d)  terminal  moraines  leveled  down  to  great 
lelds  containing  unstratified  materials  ;  (e)  stratified  beds  formed 
by  glacial  rivers  with  gradually  descending  sources.     The  charac- 
teristics of  deposits  (h)  are  that  only  in  the  vicinity  of  high  moun- 
tains they  contain  rounded  stones,  while  farther  away  they  con- 
sist of  deposits  of  sand  and  clay.     The  characteristics  of  the 
deposits  (c)  are :  A  blue  color,  due  to  the  seclusion  from  the  oxi- 
dizing action  of  the  air;   compactness  and   hardness;  rounded 
form  of  the  bowlders,  which  are  polished  and  scratched,  and  also 
generally  brought  from  remote  places.     The  characteristics  of  the 
deposits  {d)  are:  A  yellow  and  reddish  color,  occasioned  by  per^ 
oxidation  of  iron,  comparative  looseness  of  the  mass,  and  greater 
angularity  of  the  bowlders,  which  are  rarely  scratched,  and  usually 
belong  to  neighboring  localities.     The  characteristics  of  the  de- 
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posits  (e)  are:  Stratification,  abundance  of  rounded  and  un- 
Boratched  bowlders ;  tbey  generally  consist  of  beds  of  gravel  and 
sand,  without  clay.  These  phenomena  are  found  not  only  in 
Europe  wherever  there  are  traces  of  the  ice  age,  but  are  observa- 
ble in  the  United  States  and  in  the  region  to  the  north  of  them. 
£ach  glacier  has  had  its  own  limited  area,  and  the  same  appean 
to  have  been  the  case  with  all  the  ereat  drift  deposits  in  North 
America.  The  greatest  ice-field  of  Europe  was  that  which  origi- 
nated in  the  highlands  of  Scandinavia,  and  thence  extended  over 
those  portions  of  Northern  Europe  which  are  known  to  be  ooveied 
by  Scandinavian  erratics. 

By  investigations  extending  through  a  long  period  of  yeare,  I 
have  found  that  the  above-mentioned  glacial  beds  or  depoflhs 
exist  in  all  the  countries  above  indicated.     The  Scandinavian  gla- 
cier crossed  the  Baltic  and  German  Ocean,  and  extended  its  mo- 
raines into  the  suburbs  of  London  on  the  west,  to  the  slopes  of 
the  Riesengebirge  in  the  southeast,  to  the  Tjemaye  Bay,  the  icy, 
on  the  nortneast.     The  presence  of  precisely  similar  phenomena  in 
North  America  has  establibhed  in   the  minds  of  a  majority  of 
geologists  the  conviction  that  a  vast  area  over  which  such  phe- 
nomena are  found  has  also  been  covered  with  ice.    But  if  we  care- 
fully examine  this  region  it  will  readily  appear  that  the  gladal 
area  is  not  continuous  from  ocean  to  ocean,  but  it  is  divisible  into 
a  northwestern  area,  and  the  Rocky  Mountain  ai*ea  and  others  to 
the  west,  separated  by  a  broad,  dnflless  belt  extending  from  the 
base  of  the  Rocky  Mountains  nearly  to  the  Mississippi,  thus  foro- 
ing  the  conclusion  that  the  great  Eastern  and  Western  ice-fields 
have  had  different  sources. 

It  has  been  the  opinion  of  many  distinguished  American  geolo* 
gists  that  the  source  of  the  eastern  ice-fields  is  to  be  sought  in 
the  Canadian  highlands.  Against  this  opinion  several  important 
reasons  may  be  urged.  First,  in  the  portions  of  Canada  in  which 
the  glaciers  in  question  are  supposed  to  have  originated,  we 
have  reason  to  believe  that  the  rocks  are  rounded  and  scratched, 
phenomena  everywhere  recognized  as  glacial ;  but  I  think  in  oo 
case  characterizing  rocks  known  to  have  been  covered  with  pe^ 
petual  snow.  Again,  the  elevation  and  extent  of  the  highest  po^ 
tions  of  Canada  are  hardly  sufficient  to  account  for  the  requisite 
accumulation  of  snow  and  ice.  And  finally,  so  far  as  I  have 
learned,  there  is  not  formed  upon  the  rocks  of  the  northern  slope 
of  Canada,  nor  yet  in  bowlders  moved  by  glacial  force,  any  satis- 
factory evidence  that  there  had  been  a  northward  as  well  as 
southward  movement  of  glaciers  from  the  highlands  of  Canada. 
If,  therefore,  the  phenomenon  of  the  northern  and  eastern  United 
States,  usually  supposed  to  be  glacial,  are  indeed  such,  and  if 
there  is  not  sufficient  reason  for  assuming  the  Canadian  highlands 
to  have  been  the  source  of  the  glaciers  which  produced  these  phe- 
nomena, then  the  source  of  them  must  be  sought  for  elsewhere. 

I  think  it  will  be  conceded  by  all  geologists  who  have  studied 
the  glacial  phenomena  of  these  regions  that  both  the  character  of 
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lie  erratics  and  the  direction  of  the  scratches  upon  the  rocks 
ihow  that  this  source  mast  lie  to  the  northeast.  Following  the 
ine  of  the  glacial  movement  across  Baffin's  Bay  and  Davis' 
krait  to  Greenland,  we  find  that  the  largest  body  of  land  in  the 
lorthem  hemisphere,  covered  by  ice  and  snow  to  a  depth  of  not 
ess  than  2,000  feet,  and  at  this  moment  sending  down  its  ice- 
)erg8  as  far  as  the  Middle  Atlantic  From  the  sixtieth  degree  of 
atitade  to  above  the  eightieth,  this  vast  area  of  land  is  known  to 
»e  ice-covered,  and  from  the  scarcity  of  the  icebergs  upon  the 
iastem  compared  with  the  western  coast  of  that  land,  it  may  be 
ioncladed  that  the  general  slope  of  the  surface  is  to  the  south- 
rest,  and  in  exact  direction  of  the  glacial  markings  of  what  is 
mown  to  have  been  the  coarse  of  transported  bowlders  in  North- 
tastem  America.  Moreover,  if  we  bear  in  mind  the  certainty 
bat  daring  the  Glacial  period  the  glaciers  moving  from  the 
leiffhts  of  Greenland  toward  the  sea  could  not  have  formed  de- 
ached  icebergs  as  now,  but  must  have  for  the  time  blocked  up  all 
kvenues  except  the  one  of  easiest  escape  for  the  immense  accumu- 
stions  of  ice,  we  may  easily  assume  that  this  avenue  was  south- 
restward  across  British  America  and  the  northeastern  part  of  the 
Toited  States. 

Finally,  it  may  be  remarked  that  this  view  is  strongly  con- 
irmed  by  comparison  of  the  Scandinavian  with  the  American 
;lacial  area,  for  in  addition  to  the  identity  of  the  general  phe- 
>omena  there  is  observable  a  marked  resemolance  in  the  propor- 
ioD  between  the  extent  and  other  circumstances  of  the  two  areas, 
.nd  that  by  allowing  due  weight  to  all  the  evidences  adduced  in 
apport  of  the  view  that  Greenland  was  the  source  of  the  glacial 
phenomena  of  the  area  in  question,  we  find  a  probable  and  rational 
olation  of  a  hitherto  unsettled  problem. 

6.  NoU  on  the  Olacial  era;  by  James  D.  Dana. — Professor 
rorell,  in  his  important  paper  on  the  Glacial  phenomena  of  North 
America,  supposes  that  we  differ  in  our  views.  It  is  a  pleasure  to 
mow  that  we  agree  in  all  essential  points.  No  American  geol- 
ogist holds,  so  far  as  I  know,  that ''  the  source  of  the  eastern  ice- 
idds  of  North  America  is  to  be  sought  in  the  Canadian  high- 
ands.^'  In  my  papers  on  this  subject  in  this  Journal  for  1871  (ii, 
^24)  and  1873  (v,  204),  I  was  speaking  of  the  '^  Glacier  of  New 
ingland,''  that  is,  the  New  England  part  of  the  great  glacier; 
mOj  the  conclusion  arrived  at  was  that  the  glacial  scratches 
>ver  New  England,  New  York,  and  the  regjion  of  Canada  just 
lorth,  convevi/e  toward  an  area  on  the  Canadian  watershed ;  and 
lence  that  the  movement  over  New  England  and  New  York 
liverged  from  this  area.  I  say  that  '*  the  scratches  of  Eastern 
Canada,  of  the  high  land  of  Northern  New  England,  of  Eastern 
uid  Western  New  York,  and  of  Northwestern  Canada,  point  to  a 
Mrt  of  the  Canada  water-shed  between  the  St.  Lawrence  Valley 
md  Hudson  Bay  as  the  head  of  the  glacier  that  moved  soutbeast- 
rardly  over  New  England.''     I  regret  that  my  words  were  in  any 
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way  calculated  to  mislead.  Professor  Torell  corrects  the  above 
view  by  making  Greenland  the  great  source ;  but  to  put  Green- 
land in  the  above  sentence  would  make  it  absurd,  for  no  height  of 
ice  in  that  land,  so  far  to  the  northeast,  could  have  determined 
southeaHtcard  movements  over  New  England,  I  did  not  doubt 
that  the  ice  mass  of  the  Canada  water-shed,  continued  northward 
or  northeastward,  in  the  direction  of  the  region  of  greatest  precipi- 
tation, as  the  chief  ice-mass  of  the  continent ;  but  only  whether  the 
increase  of  height  in  that  direction  exceeded  enough  that  on  the 
water-shed  to  cause  movements  in  the  directions  indicated.  I  con- 
cluded that  the  height  of  the  ice-surface  on  the  water-shed  would 
have  had  to  have  been  at  least  18,000  fbet  to  have  given  it  a  slope 
of  even  fifteen  feet  a  mile  to  its  discharge  in  the  ocean  south  and 
east  of  New  England  and  ten  feet  a  mile  to  the  ice-surface  over 
Mount  Washington — the  smallest  pitch  that  seemed  to  be  capable 
of  producing  the  southward  and  southeastward  movement;  and 
the  adding  of  ten  feet  a  mile  to  the  height  farther  north,  thus 
increasing  this  already  incredible  altitude  I  allude  to  (ii,  328) 
but  with  an  improbable  if.  The  region  of  greatest  height  to  the 
north  of  the  water-shed  I  did  not  consider,  because  it  was  not 
within  the  range  of  my  subject — the  source  of  the  "  New  England 
Glacier ;"  and  I  had  no  satisfactory  facts  as  to  the  present  amount 
of  precipitation  to  the  north,  much  less  any  data  for  judging  of 
the  hygTometric  condition  in  the  Glacial  era. 

In  this  Journal  for  April,  1875  (ix,  312),  in  citing  facts  from  Dr. 
Bell,  in  the  Report  of  the  Canada  Geological  Survey  for  1873-4, 1 
observe  that  the  facts  from  the  vicinity  of  Lake  Winnipeg  show 
that  a  line  of  greatest  glacier  height  was  continued  from  the  ice- 
summit  on  the  Canada  water-shed  northward ;  but  not  necessarily 
that  the  height  northward  "  was  as  great  as  over  the  water-shed," 
for  "  the  greatest  height  would  have  been  where  there  was  the 

f-eatest  amount  of  precipitation,  supposing  the  melting  the  same.^^ 
then  explain  the  absence  of  the  glacier  from  the  central  regions 
of  the  continent  (exclusive  of  the  Kocky  Mountains)  by  reference 
to  the  small  amount  of  precipitation  (referring  to  Schott's  Rain- 
chart),  and  to  the  high  degree  of  summer  heat,  thus  making  the 
glacier,  as  I  state,  a  great  coastward  ice-mass,  thinning  out  to  the 
westward ;  and  the  Continental  ice,  not  an  ice-cap,  but,  as  I  say 
in  a  subsequent  note  (x,  385,  1875),  an  "ice-mantle  thrown  about 
the  pole  and  descending  along  the  borders  of  the  Continent, 
especially  the  eastern." 

6.  A  monograph  of  American  Trilohitee ;  by  A.  W.  Vogdks, 
U.  S.  Army.  16  pp.  Tampa,  Florida. — This  pamphlet  is  Part  I 
of  Lieut.  Vogdes'  monograph.  It  is  wholly  bibliographical,  giv- 
ing the  general  bibliography  on  the  subject,  from  the  first  paper, 
in  1698,  by  Lhwyd,  and  then,  references  to  the  works  or  memoirs 
that  treat  of  the  several  species  of  the  genera  Asaphus,  OdonUh 
pleura  (Acidaspis),  ProUtis^  Bathyurus^  Batht/ureUuSy  Agrauloiy 
Ptychoparia  (Conocephalites),  and  Ceraurus, 
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mtline  of  the  Geology  of  Canada^  based  on  a  subdivisioD 
)vince8  into  natural  areas;  by  E.  J.  Chapman,  Prof.  Min. 
,  University  College,  Toronto,  Canada.  106  pp.  8vo, 
ral  maps  and  plates  of  fossils. — Prof.  Chapman's  work  is 
stim6  of  the  facts  in  Canadian  geology,  preceded  by  an 
ioD,  of  32  pages,  on  rock-formations  and  divisions  of  geo- 
me.  The  work  is  a  convenient  one  for  the  student  and 
le  geologist  who  would  acquire  a  general  knowledge  of 
merican  Geology.  It  contains  six  plates  of  fossils  repre- 
anadian  species. 

fin  of  Forest  and  Prairie  regions. — ^Pro£  J.  D.  Whitney 
lable  paper  on  this  subject  in  the  American  Naturalist 
er  and  November. 

5  Orea;t  Ice  Age  and  its  relations  to  the  Antiquity  of 
James  Geiktb,  F.R.S.,  of  H.  M.  Geological  Survey  of 
2d  edit  revised.  624  pp.  8vo,  with  several  maps  and 
illustrations.  London,  1877.  (Daldy,  Isbister  &  Co.). 
second  edition.  Prof.  Geikie's  very  popular  work  has 
various  additions  from  recent  observations,  partly  per^ 
de  in  Britain,  and  from  researches  in  other  countries, 
included  ;  and,  as  the  author's  preface  states,  much  of  it 
rewritten.  The  subject  is  well  treated  in  all  its  different 
and  the  illustrations  are  excellent.  The  maps  include  one 
America,  showing  the  southern  outline  of  the  glacier  and 
•al  courses  of  erosion.  Among  the  changes  of  views 
d,  are  the  use  now  of  the  terms  till  and  bowlder  clay 
ly  synonymous ;"  and  the  adoption  of  the  conclusion  of 
3Son,  that  ^'  the  sea  had  not  any  share  in  the  formation  of 
J."  The  work  is  the  best  review  of  the  subject  to  be  had, 
much  of  its  value  to  Professor  Geikie's  own  researches. 

IIL  Botany  and  Zoology. 

?  of  IhibliccUion  of  Elliott^ s  Botany  of  South  Carolina 
gia. — The  title-page  of  the  first  volume  bears  the  date 

But  it  is  well  known  that  the  work  was  issued  in  parts, 
^he  publication  began  much  earlier.  The  actual  time  of 
►mes  important  in  respect  to  the  priority  of  certain  ge- 

specific  names,  notably  those  in  Nuttall  s  Genera^  pub- 
1818.     Contrary  to  the  testimony  of  the  title-pages,  it  is 

understood  that  Elliott's  names  of  Podostigma  and 
bave  priority  over  Nuttall's  Stylandra  and  Anantherix, 
future  trouble  it  is  desirable  to  put  upon  record  such 
ipon  the  point  as  is  now  obtainable.     The  only  printed 

yet  met  with  is  in  the  ReliquicB  Baldwlnianoe^  the  cor- 

ice  of  Dr.  Wm.  Baldwin  (Elliott's  ablest  collaborator), 

jdited  by  his  friend.  Dr.  Darlington.     By  reference  to 

48,  249,  and  585,  it  is  made  out  that  the  first  number  of 

vovV  was  issued  as  early  as  October,  1816,  was  recalled, 

,  and  issued  anew,  along  with  the  second  number,  before 

«  Soi.— Third  Series,  Vol.  XIII,  No.  78.— Jan.,  1877. 
6 
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January,  1817.  The  first  number  probably  ended  on  p.  96;  the 
second  on  p.  222.  The  third  and  fourth  numbers  were  published 
before  November  10,  1817.  The  fourth  number  must  have  in- 
cluded p.  466 ;  the  fiflh  and  concluding  number  of  the  volume  (to 
which  tne  title-page  assigns  the  date  of  1821),  must  begin  on  or 
before  p.  529.  For,  on  the  latter  page  Nuttall's  genus  JHarmor- 
pha  occurs,  and  his  work  is  for  the  first  time  cited ;  while  the  pref- 
atory list  of  decandrous  genera,  on  p.  466,  does  not  contain  iHa- 
morpha. 

This  is  confirmed  by  Elliott's  correspondence  with  Zaccheas 
Collins,  now  in  the  possession  of  the  Academy  of  Natural  Sci- 
ences, Philadelphia,  which  Mr.  Redfield  has  kindly  consulted,  at 
my  request ;  from  which  it  appears,  in  short,  that  No.  1  was  first 
issued,  September  26,  1816;  No.  2,  on  or  before  February  19, 
1817;  No.  3,  on  or  before  April  3,  1817;  No.  4  and  No.  6,  no 
data  found ;  No.  6,  the  commencement  of  the  second  volume,  ap- 
peared on  or  before  October  12,  1821.  The  title  page  of  this  vol- 
ume bears  the  date  of  1824. 

The  collection  referred  to,  and  which  contains  a  series  of  letters 
of  Muhlenberg,  Elliott,  Bigelow,  Torrey,  and  others,  to  Collins, 
has  been  put  into  excellent  condition  for  preservation  by  Mr. 
John  H.  Redfield.  A  hasty  perusal  shows  tnat  it  is  replete  with 
interest.  It  would  be  well  if  the  Philadelphia  Academy  would 
print  it,  or  at  least  portions  of  it,  with  some  editorial  notes  which 
could  now  be  supplied,  but  for  which  it  may  now  ere  long  be  too 
late.  A.  o. 

2.  Homogone  a7id  Heterogone  {or  Homogonous  and  Heteroga- 
nous)  Flowers. — That  difiTerence  in  relative  length  or  height  of 
stamens  and  style,  reciprocally,  which  in  Torrey  and  Gray's  Flora 
of  North  America,  was  very  long  ago  designated  by  the  term  dioi-  « 
cio-dimorphis7n^  Mr.  Darwm — who  detected  and  has  made  much 
of  the  meaning  of  the  arrangement — called  simply  dimorphism. 
Besides  these  dimorphic^  he  also  brought  to  view  trimorphic  flow- 
ers. The  first  name  is  too  long  for  use,  and  carries  with  it  some 
ambiguity,  since  it  may  imply  a  separation  as  well  as  a  diversifica- 
tion of  the  sexes.  Mr.  Darwin's  term  has  the  disadvantage  of  not 
indicating  what  parts  of  the  blossom  are  dimorphic  (hermaphrodite  |l 
flowers  may  be  dimorphous  in  the  perigonium),  and  a  more  generic 
name  is  now  required,  on  account  of  trimorphic^  etc.  This  has 
been  supplied  by  Hildebrand,  in  Germany,  who  has  introduced 
the  term  heterostyled  and  the  counterpart  hom,o8tyled.  These  are 
not  particularly  happy  appellations ;  for  the  difference  is  in  the 
stamens  as  well  as  in  the  pistil,  and  in  the  latter  is  not  always 
restricted  to  the  style.  Well-established  terms  ought  not  to  te 
superseded  on  the  ground  of  mere  improvement ;  but  those  which 
have  not  yet  taken  root  sometimes  may  be.  Following  the  analogy 
oi  perigonium  or  perigone,  I  propose  the  more  exactly  expressive 
term  of  heterogone  (or  heterogonous)  for  these  flowers,  such  as 
those  of  JPrimtda^  Iloustonia^  Lythrum^  etc.  The  counterpart, 
homogone  (or  homogonous)  would  designate  the  absence  of  this 
kind  of  differentiation.     These  terms,  either  in  Latin  or  English 
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m,  would  work  well  in  generic  or  specific  characters,  and  have 
( advantage  of  etymological  correctness.  •         a.  g. 

\.  Geographical  Statistics  of  the  European  Flora, — In  a  paper 
itributed  m  1874  to  the  Transactions  of  the  Historic  Society  of 
Dcashire  and  Cheshire,  Mr.  Thomas  Comber  discussed  the  geo- 
iphical  statistics  of  the  British  flora.  In  another  paper,  read 
urch,  1875,  these  enquiries  are  extended  to  the  rest  of  the  flora 
Europe ;  and  the  dispersion  considered  with  regard  to  latitude, 
tion,  habit  of  growth,  character  of  flower,  nature  of  fruit,  seed, 
\.  Contrary  to  the  common  idea,  the  European  maritime  phsB- 
gamous  plants  appear  to  be  less  widely  dispersed,  on  an  aver- 
se than  the  non-maritime.  Trees  and  shrubs  range  rather  more 
iely  than  herbaceous  plants  over  land,  less  so  over  sea.  Plants 
th  creeping  rootstocks  or  stolons  are  much  more  widely  dis- 
reed  than  those  without  them.  The  distribution  of  annuals, 
)ecially  of  the  wanner  temperate  species,  exceeds  that  of  peren- 
kl  herbs.  Endogens  are  more  widely  spread  than  Exogens, 
»etalsB  than  Polypetalae,  and  still  more  than  Gamopetalae; 
mts  with  inferior  ovary  are  more  limited  than  those  with  supe- 
T  ovary ;  that  is,  the  lower  and  less  specialized  in  structure  are 
>re  widely  distributed  than  the  higher  or  more  specialized. 
at  the  inconspicuously  colored  surpass  in  range  those  with 
.ghtly  colored  and  conspicuous  flowers,  may  be  regarded  as 
other  illustration  of  the  same  rule.  The  Cryptogams,  of  course, 
ve  much  the  widest  range.  Plants  with  flesny  fruit  considerably 
rpass  those  with  dry  fruit  in  area  of  distribution,  in  the  ratio  of 
out  6  to  3.  Of  the  dry  fruits,  the  indehiscent  belong  to  plants 
th  a  somewhat  higher  average  of  distribution.  The  curious 
delusion,  formeriy  reached  from  various  data,  is  confirmed  by  the 
ktistics  of  the  European  flora,  namely,  that  Compositoe  with 
ppos,  on  the  average,  are  less  widely  distributed  than  those 
thout;  and  generally,  that  plants  with  special  adaptations  for 
ipersion  of  fruit  or  seeds,  are  rather  less  widely  dispersed  than 
)8e  which  have  no  such  special  appliances ;  excepting,  however, 
i  coma  of  seeds.  This,  as  De  Candolle  concludes,  and  Mr.  Com- 
r  confirms,  is  accompanied  by  a  high  degree  of  dispersion. 
ich  of  this  probably  comes  from  the  large  number  of  SaUces  in 
J  European  flora;  these  being  woody  plants  of  comparatively 
V  organization,  and  largely  boreal.  We  doubt  if  this  rule  holds 
th  Ascl^iadece — the  most  comose-seeded  of  the  higher  orders. 
e  species  of  Asclepias  in  North  America  are  not  remarkable  for 
ie  range.  Although  number  of  seeds  might  be  supposed  to 
re  advantage,  yet,  on  the  whole,  the  European  plants  with  soli- 
y  seeds  have  somewhat  wider  range  than  those  with  two  or 
>re  seeds  in  each  cell.  Plants  with  albuminous  seeds  somewhat 
-pass  in  range  the  exalbuminous.  This  is  remarkable  in  view  of 
i  fact  that  seeds  of  longest  known  vitality  and  which  best 
dure  exposure  to  sea  water,  are  mainly  exalbuminous  or  nearly 
Large  genera  have  somewhat  higher  dispersion  than  small 
es ;  and  variable  species,  than  those  not  particularly  variable, 
le  laws  that  govern  the  distribution  of  plants  are  complex  and 
condite.  a.  q. 
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4.   The    Wild  Flowers  of  America,      Illastrations  by  Isaac 
Sprague.     Text  by  George  L.  Goodalk,  M.D.,  ABsistant  Profes- 
sor of  Vegetable  Physiology  and  Instructor  of  Botany  io  Harvard 
University.     Part  I.     Boston :    (Houghton  &  Co.)     Dec.   1876. 
pp.  16,  tab.  1-4,  imp.  4to. — It  is  proposed  to  published  this  woik 
m  quarterly  parts  or  numbers,  and  in  it  "  to  present  illustrations 
and  descriptions  of  all  the  more  attractive  nowerine  plants  of 
America," — meaning,  no  doubt,  the  United  States,  ana  the  Atlan- 
tic portion  of  them,  without  excluding,  perhaps,  the  Western  and 
even  the  Pacific  States  as  the  work  goes  on.     It  is  a  lar^e  under- 
taking, even  under  the  most  restricted  view.     The  want  has  been 
felt,  and  various  fiitile  attempts  have  been  made  to  supply  it 
Tliey  have  speedily  come  to  nought,  most  of  them  deservedly,  the 
few  worth  having  because  they  would  not  pay.     The  only  work 
of  the  kind  we  can  now  call  to  mind  which  gave  fairly  good 
figures  of  our  wild  flowers,  and  which  was  carried  beyond  a  single 
part  or  volume,  was  by  the  late  Dr.  W.  P.  C.  Barton.     This  was 
upon  a  plan  not  unlike  that  of  the  present  work,  perhaps  equally 
expensive,  for  the  figures  were  hana-colored,  but  far  less  sumptu- 
ous, and  the  figures — though  really  good — by  no  means  so  adnura- 
blc  as  those  by  Mr.  Sprague,  who  is  almost  unrivaled  as  a  botanical 
draughtsman.     These  figures  are  not  in  the  style  of  the  North 
American  Genera  Illustrated,  in  which  Mr.  Sprague's  talent  in  this 
line  w^as  first  made  known.     The  plates  of  that  work  were  ad- 
dressed to  botanists  only,  are  uncolored  outlines,  mainly  valuable 
for  their  dissections  and  other  details.     These  are  imperial  quarto 
plates,  representing  the  flowers  and  as  much  of  the  herbage  as  is 
needed  to  give  their  part  and  bearing,  in  their  natunJ  colors, 
reproduced  from  the  artist's  paintings  by  the  chromo-lithographic 
process.    The  undertaking  was  probably  suggested  by  the  success 
of  this  kind  of  work  by  the  same  artist  in  the  colored  plates  of 
Mr.  Emerson's  Trees  and  Shrubs  of  Massachusetts,  to  which  we 
called  attention  a  year  ago.     The   present  work  therefore  ad- 
dresses itself  to  amateurs  as  well  as  to  botanists,  to  all  lovers  of 
flowers  and  admirers  of  beautiful  works  of  art.     From  all  these 
evidently  it  must  have  a  large  patronage  if  it  is  to  prosper  aad 
continue.     Nothing  upon  such  a  scale  of  excellence  has  ever  been 
attempted  in  this  country  before.    The  plates  are  simply  exquisite; 
in  the  typography  the  Riverside  Press  has  done  its  best ;  and  the 
lettei'press  not  only  describes  the  flowers  represented  clearly  and 
popularly,  but  expatiates  upon  their  arrangements  for  insect-aid 
m  fertilization — the  novel  and  attractive  topic  of  the  day — and 
adds  other  curious  lore. 

The  first  plate  charmingly  represents  our  wild  Columbine 
[Aquilegia  Va7iade)i8is) ;  the  second,  our  wild  Cranesbill  ( Gera- 
nium mciculatum);  the  third.  Many-leaved  Aster  [Aster  undiilor 
this) ;  the  fourth,  both  the  Yellow  Gerardia  ( G,  flava)  and  the 
commoner  slender  purple  species,  G,  tenuifolia,  (We  take  blame 
to  ourselves  for  having  given  currency  to  ''  False  Foxglove  "  as  a 
popular  name  for  the  large  yellow-flowered  species  of  Gerardia, 
Gerardia  makes  a  good  popular  name,  and  would  soon  become  as 
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liar  as  Magnolia  or  even  Lobelia,)  "  The  great  expense  at- 
iDg  the  work  requires  that  the  price  per  part  shall  be  $6.00," 
the  publishera  We  admire  their  courage  in  the  enterprise, 
in  aiming  at  the  highest  attainable  excellence.  There  are 
Ations  that  their  laudable  endeavors  will  be  responded  to, 
that  the  time  has  at  length  arrived  when  a  popular  work  of 
kind  and  in  this  style — so  creditable  to  all  concerned  in  it — 

be  appreciated  and  sustained.  a.  g. 

Report  upon  Geographical  and  Geological  J^JxplorcUions  and 
>«y«,  west  of  the  Oiierhundredth  Meridian^  in  charge  of  First 
tenant  Geo.  M.  Wheeler,  under  the  direction  of  Brigadier 
jral  A.  A.  Humphreys,  Chief  of  Engineers,  U.  S.  A.  Vol.  V. 
ogy.  Washington:  Government  Printing  Office.  4to,  1019 
with  46  plates. — This  large  and  valuable  volume  is  hand- 
ily executed,  and  is  in  every  way  creditable  to  the  officers 
5r  whose  direction  it  has  been  prepared,  and  to  the  several 
ralists  who  have  contributed  reports  to  it.  The  plates 
well  executed,  and  several  are  colored  (chromolithographs.) 
ough  this  volume  is  dated  1876,  and  was  doubtless  then 
ted,  it  appears  not  to  have  been  actually  published  until  the 
r  part  of  the  summer  or  early  in  the  autumn  of  1876.  It  in- 
es  the  following  reports : 

troductory  Letter,  by  H.  C.  Yarrow,  M.D.,  surgeon  and  natu- 
t  to  the  expedition ;  Notes  upon  Geographical  Distribution 
Variation,  by  Dr.  Yarrow;  Report  upon  the  collections  of 
amals,  by  Dr.  Elliott  Coues  and  Dr.  Yan-ow;  Report  upon 
Ornithological  Collections,  by  H.  W.  Henshaw ;  Report  upon 
collections  of  Batrachians  and  Reptiles,  by  Dr.  H.  C.  Yarrow ; 
)psis  of  the  Reptiles  and  Batrachians  of  Arizona,  with  critical 

field  notes  and  an  extensive  synonymy,  by  Dr.  Coues; 
ort  upon  the  collections  of  Fishes,  by  Prof.  E.  D.  Cope  and 
Yarrow;    Report  upon  the  Hymenoptera,  by  E.  T.  Cresson, 

List  of  Formicidae,  by  Edward  Norton ;  Reports  upon  the 
nal  Lepidoptera,  by  T.  L.  Mead  and  W.  H.  Edwards ;  Report 
I  new  species  of  ZygsBnidaB  and  Bombycidae,  by  R.  H.  Stretch ; 
ort  on  Diptera,  by  C.  K.  Osten-Sacken ;  Report  upon  the 
•optera,  by  Henry  tjlke ;  Report  upon  the  Hemiptera,  by  P. 
Jhler ;  Eieport  upon  the  Orthoptera,  by  Prof.  Cyrus  Thomas ; 
ort  on  the  Neuroptera  and  Pseudo-neuroptera,  by  H.  A.  Ha- 
;  Report  upon  the  terrestrial  and  fluviatile  Mollusca,  by  Dr. 
row;  Report  upon  the  fresh-water  Leeches,  by  A.  E.  Verrill. 
plates  illustrate  rare  or  novel  species  and  varieties  of  birds, 
lies,  fishes,  and  insects.  a.  e.  v. 

IV.  Astronomy. 

The  secular  change  of  Magnetic  Declination  in  the  United 
eSy  aiid  oth^r  parts  of  North  America:  New  discussion  by 
lBLEs  a.  Schott,  Assistant  U.  S.  C.  S. — This  is  an  exten- 

of  Mr.  Schott's  paper  in  the  Coast  Survey  Report  of  1869, 
forms  App.  No.  8  of  the  Report  for  1874.      Forty-three  sta- 
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tions  are  represented  in  the  discussion,  and  over  400  obsenrationR. 
FormulsB  are  given  for  each  station,  with  decennial  tables  com- 
puted therefrom.     Mr.  Schott  says : 

'*  A  cursory  examination  of  the  column  containing  the  epochs 
of  greatest  easterly  excursion,  the  deflecting  force  producing  the 
secular  change  attaining  then  an  easterly  maximum,  shows  that 
the  needle  became  stationary  in  direction,  and  then  reversed  its 
secular  motion,  in  the  New  England  States  toward  the  end  of  the 
past  century,  in  the  Atlantic  coast  States  to  the  west  and  south 
early  in  the  present,  and  in  Mexico  about  the  close  of  the  first 
third  of  the  present  century.  In  California,  Oregon  and  Wash- 
ington Territory,  it  has  not  yet  reached  this  condition.  We  thus 
have  the  following  epochs  lor  comparison:  Halifax,  about  1711; 
Portland,  Portsmouth,  Newburyport,  Salem,  Boston,  Cambridge, 
Nantucket  and  Providence,  about  1779;  Hartford,  New  Haven, 
New  York,  Hatborough,  Philadelphia,  Washington  and  Cape 
Henry,  about  1 800 ;  Charleston,  Savannah,  Key  West  and  Havana, 
about  1800;  New  Orleans,  about  1831 ;  Vera  Cruz,  Mexico,  Aca- 
pulco  and  San  Bias,  about  1837;  San  Diego,  Monterey  and  San 
Francisco,  expected  about  1907  (yet  very  uncertain.) 

We  are  thus  directed  to  the  extreme  northeastern  States  for 
probable  indications  of  what  may  be  expected  to  follow  on  the 
seaboard  in  more  southern  and  western  States.  Respecting  the 
secular  movement  of  the  needle,  apparently  a  little  more  than  a 
century  passed  before  the  influence  which  produced  the  turning  of 
the  north  end  of  the  needle  westward  in  Maine  (increasing  there 
the  western  declination),  was  felt  in  I^ower  California  (diminishing 
there  the  eastern  declination).  In  California,  Oregon,  and  Wash- 
ington Territory,  the  eastern  declination  is  at  present  still  increoB- 
ing^  but  with  a  losing  rate.  By  the  time  the  western  elongation 
of  the  secular  change  is  reached  in  Maine,  we  may  expect  to  see 
the  needle  in  the  opposite  phase,  or  at  its  eastern  elongation  in 
California.  We  cannot  as  yet  follow  this  influence  directly  over 
the  interior  of  the  United  States  for  want  of  early  observations; 
the  westernmost  interior  stations  for  which  an  epoch  could  be 
made  out  were  Buffalo,  Erie,  Cleveland  and  Detroit ;  these  give 
the  average  turning  epoch  1794.  It  may  be  quite  practicable 
hereafter  to  trace  out  curves  uniting  all  stations  where  the  needle 
was  stationary  at  a  given  epoch,  and  again  at  other  epochs  for 
regular  intervals  of  time,  say  of  ten  or  twenty-five  years. 

Returning  to  the  first  table,  the  constant  in  each  formula  would 
represent  the  normal  direction  of  the  needle  about  which  the  mo- 
tion constituting  the  secular  change  would  be  performed  in  an 
average  cycle  of  about  two  hundred  and  seventy  years,  and  with 
extreme  deflections  on  either  side  of  it  equal  to  the  coeflicient  of 
the  periodic  term,  all  under  the  supposition  that  the  law  of  the 
secular  movement  was  truly  expressed.  It  is  no  doubt  much  more 
complex,  and  besides  may  fail  at  any  time;  yet,  as  far  as  our 
present  experience  reaches,  and  within  the  interval  when  the  first 
reliable  observations  were  made  to  the  present  time,  it  is  found 
trustworthy." 
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2.  Investigation  of  Corrections  to  Hansen^ s  Tables  of  the  Moon; 
by  S.  NewcomBw — This  memoir  forms  Part  in  of  papers  pub- 
iifihed  by  the  Commission  on  the  Transit  of  Venus.  For  determin- 
ing the  longitude  of  the  Transit  Stations  from  moon  occultations 
it  Decame  necessary  to  determine  the  errors  in  the  tables  of  the 
moon  which  13  years'  observations  and  the  discussions  of  earlier 
data  develop,  ft  was  already  known  that  an  unexplained  correc- 
tion to  the  moon's  mean  motion  must  be  applied,  that  now 
amounts  to  about  10'.  In  addition  to  this  and  to  several  other 
oorrections,  Prof  Newcomb  finds  an  empirical  term  necessary  to 
satisfy  observations,  the  form  of  which  is, 

l',60  sm.  [.gr+21°,6(Y-18651)], 
where  g  is  the  mean  anomaly,  and  Y  the  date  in  years.    This  term 
18  not  yet  explained  in  the  theory  of  the  moon. 

3.  Knobws  Reference  Catalogue  of  Astronomical  Papers  and 
Hesearehes. — We  have  received  advance  sheets  of  the  Monthly 
Notices  of  the  Royal  Astronomical  Society  for  November,  1876, 
which  contains  an  important  bibliographical  paper  by  E.  B. 
Kkobbl,  F.R  A.S.,  with  the  title  above.  The  author  has  selected 
various  subjects  of  Stellar  Astronomy,  and  has  made  nearly 
exhaustive  indices  of  the  various  memoirs  and  papers  relating  to 
these  published  in  the  many  astronomical  and  scientific  periodi- 
cals and  in  separate  treatises.  The  subjects  chosen  are:  (1.) 
Doable  Stars,  and  the  theory  of  Binary  Systems.  (2.)  Variable 
Stars.  (3.)  Red  Stars.  (4.)  NebulsB  and  Clustera  (5.)  Stellar 
proper  motions.  (6.)  Parallax  and  Distance  of  Stars.  (7.)  Star 
Spectra.  These  are  thoroughly  and  carefully  indexed,  Double 
Stars  alone  having  over  700  references,  and  the  rest  being  equally 
fdU.  There  are  about  3,000  references  in  the  list,  and  a  careful 
examination  of  one  section  by  the  writer  has  proved  its  accuracy 
and  its  completeness.  e.  s.  h. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Notes  on  Assaying  and  Assay- Schemes ;  by  Pierre  de 
Pbyster  Rickbtts,  E.M.,  Ph.D.,  etc.  172  pp.  8vo.  New  York. 
1876. — Dr.  Ricketts,  Instructor  in  Charge  of  the  Assay  Laboratory 
of  the  School  of  Mines,  Columbia  College,  has  embodied  in  this 
work  the  system  of  assaying  practiced  m  the  school  which  has 
been  developed  under  Dr.  Chandler  and  his  assistants.  Every 
sach  treatise  is  sure  to  add  something  to  the  common  stock  in  its 
department.  The  notes  are  systematic,  and  the  assay-schemes  are 
clearly  presented  and  specific.  b.  s. 

2.  Alcoholic  Strength  of  Australian i  Wines, — From  the  report 
of  a  commission  appointed  by  the  Governor  to  inquire  into  the 
alcoholic  strength  of  South  Australian  wines,  and  printed  by 
authority  of  the  House  of  Assembly  (July,  1874)  at  Adelaide,  it 
appears  that  the  amount  of  glucose  in  the  mature  grapes  of  that 
province  ranges  from  25  to  30  per  cent,  and  produces  in  the  wine 
an  alcoholic  strength  of  from  28  to  40  per  cent  of  proof  spirit. 
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One  sample  of  mast,  prepared  March  24,  1874,  from  the  press  of 
Hon.  Samuel  Davenport,  at  Beaumont,  gave  a  specific  gravity  at 
70°  F.  of  1-1425,  which  corresponds  to  28*409  grams  per  gallon  of 
glucose,  and  20-743  per  cent  of  absolute  alcohol,  or  44*522  of  proof- 
spirit  by  measure. 

The  average  of  17  samples  of  must,  pressed  from  the  grapes  by 
the  two  analysts,  Messrs.  Oopins  and  Thomas,  to  avoid  all  chance 
of  falsification  in  the  hands  of  the  vintner,  gave  for  the  specific 
gravity  1-1179:  grape-sugar,  27-259=proof-spirit,  28-419  percent 
The  maximum  of  sugar  and  proof-spirit  in  the  17  samples  exam- 
ined by  these  two  chemists  was  found  in  the  juice  of  the  Frontig- 
nan  grape  grown  by  Mr.  Gillard,  at  Norwood,  namely — sugar, 
32-166 ;  proof-spirit,  33-605. 

Mr.  Francis,  one  of  the  analysts,  says  in  his  report, "  the  natural 
grape  juices  of  this  colony  are  capable  of  producing  very  strong 
wines,  which  are  more  likely  to  exceed  26  per  cent  of  proof-spirit 
than  otherwise,  and  that  the  fruit  contains  all  the  elements  to  set 
up  and  complete  fermentation  to  the  full  conversion  of  the  sugar 
into  alcohol  without  acetification." 

From  the  colonies  of  Victoria  and  New  South  Wales  we  have  a 
report  on  the  alcoholic  strength  of  200  samples  of  wine,  of  which 
38  were  from  the  latter  colony,  in  Albury  district;  101  from  Mur- 
ray district,  in  Victoria,  and  the  remainaer  from  eight  other  wine 
districts  of  the  same  colony.  Messrs.  Moody  and  Heath,  govern- 
ment inspectors  of  distilleries,  made  the  determinations.  They 
show,  for  New  South  Wales  and  the  Murray  district,  a  range  of 
proof-spirit  from  a  minimum  of  20  per  cent  to  a  maximum  of  34, 
the  greater  number  ranging  about  28. 

The  grapes  cultivated  are  exclusively  of  European  origin.  The 
soil  and  climate  are  wonderfully  well  adapted  to  the  growth  of 
abundant  fruit ;  but  as  yet  the  qualities  of  bouquet  and  flavor,  ad- 
mired in  the  best  European  wines,  are  feebly  and  often  not  at  all 
developed  in  those  of  Australia  made  from  the  same  grapes.  Nor 
is  the  g6ut  de  terre — the  result  of  a  too  rank  soil  and  growth — 
wanting  in  the  Australian  wines.  In  this  respect  and  in  intoxi- 
cating power  they  much  resemble  the  wines  of  California,     b.  s. 

OBrrUARY. 

F.  B.  Meek,  the  author  of  various  elaborate  works  and  memoirs 
on  American  Paleontology,  died  on  the  22nd  of  December.  An 
obituary  notice  is  deferred  to  the  following  number. 

David  Forbes,  a  learned  geologist.  Foreign  Secretary  of  the 
Iron  and  Steel  Institute,  one  of  the  Secretaries  of  the  Geological 
Society  of  London,  a  Fellow  of  the  Chemical  and  also  of  the 
Royal  Society,  died  on  the  5th  of  December,  aged  forty-eight 
years.  He  was  a  great  traveller  and  resided  for  a  while  in  Bolivia 
and  Peru  making  researches  in  its  mines  and  geology,  which  he 
afterward  published. 
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Art.  VIII. — Astronomical  Observations  on  the  Atmosphere  of  Ae 
Rocky  Mountains,  made  at  elevations  o/Jrom  4,500  to  11,000 yie<, 
in  Utah  and  Wyoming  Territories  and  Colorado;  by  Henry 
Draper,  M.D.,  Professor  of  Analytical  Chemistry  and  Physi- 
ology in  the  University  of  New  York, 

Anyone  who  observes  with  a  large  telescope  soon  becomes 
aware  of  the  great  obstacle  atmospheric  undulation  offers  to  the 
pursuit  of  astronomy,  particularly  in  the  application  of  photog- 
raphy and  the  spectroscope.  During  two  years  when  I  photo- 
graphed the  Moon  on  every  moonlight  night  at  my  observatory* 
there  were  only  three  occasions  on  which  the  air  was  still  enough 
to  give  good  results,  and  even  then  there  was  unsteadiness. 
Out  of  1,600  lunar  negatives  only  one  or  two  were  really  fine 
pictures.  A  letter  which  the  late  Mr.  Bond  wrote  to  me  states 
that  in  seventeen  years  he  had  never  met  with  a  perfectly  fault- 
less night  at  the  Cambridge  Observatory. 

Such  facts  naturally  cause  astronomers  to  consider  whether 
it  is  not  possible  to  diminish  atmospheric  disturbances,  and  have 
led  to  the  celebrated  expeditions  of  Professor  Piazzi  Smyth  to 
the  Peak  of  TeneriflFe  and  Mr.  Lassell  to  Malta.  Theoretically, 
it  would  seem  that  the  only  complete  solution  is  to  ascend  high 
mountain  ranges  or  isolatea  peaks,  and  leave  as  much  as  possible 
of  the  air  below  the  telescope. 

Having  had  occasion  during  the  months  of  August  and  Sep- 
tember, 1876,  to  go  on  a  hunting  trip  with  two  distinguished 
ofiBcers  of  the  United  States  Army  into  the  Rocky  Mountains 

*  Profeflsor  Heniy  Draper^s  Obfleryatory  is  at  Hastings-on-Hudson,  near  New 
York;  latitude  40**  69' 26' ;  longitude  73^  62^26';  elevation  above  the  sea,  226  feet 
Am.  Jour.  Sol— Thibd  Sbbibs,  Vol.  XIII,  No.  74.— Fbb.,  1877. 
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and  Wahsatch  range,  I  thought  it  desirable  to  carry  a  telescope 
with  a  view  of  ascertaining  whether  there  would  be  sufficient 
inducement  to  return  with  my  twelve-inch  achromatic  or  twenty- 
eight-inch  reflector  and  make  a  prolonged  stay.  The  experience 
which  Professor  Young  had  had  at  Sherman  station,  on  the 
Union  Pacific  Railroad,  left  the  question  open,  for  he  suffered 
from  an  unusually  cloudy  season,  and,  while  he  obtained  very 
gratifying  results,  he  seems  on  the  whole  to  have  been  disap- 
pointed with  the  character  of  the  atmosphere^ 

As  the  region  into  whicti  the  party  proposed  to  go  was  diffi- 
cult of  access  and  entirely  without  roads  and  much  of  the 
traveling  was  to  be  on  horseback,  through  fallen  timber  and 
up  precipitous  places,  it  was  not  feasible  to  take  an  instrum^t 
oi  any  great  siza  I  therefore  contented  myself  with  a  smaU 
achromatic  of  unusual  excellence.  Though  of  only  one  and 
one-quarter  inches  aperture,  it  bears  a  power  of  upwards  of 
sixty  completely,  and  I  think  would  carry  one  hundred.  It 
was  provided  with  a  short  brass  tripod,  holding  an  altitude 
and  azimuth  movement,  giving  both  steadiness  and  smoothness 
of  action.  The  eye- piece  was  capable  of  adjustment  by  a  rack 
and  pinion,  and  the  object  glass  wiis  so  arranged  in  its  cell  as  to 
be  free  from  injurious  compression.  This  little  lens  stands  the 
severe  tests  invented  by  Foucault,  and  in  spite  of  its  size  is 
capable  of  doing  good  work. 

In  such  observations  on  the  atmosphere  as  those  proposed 
during  this  trip,  it  is  obvious  that  there  are  mainly  two  points 
to  be  considered  :  first,  freedom  from  tremor,  and  second,  trans- 
parency. A  station  which  combines  both  is  most  desirable,  but 
a  marked  predominance  of  steadiness  gives  special  advantages 
for  celestial  photography  while  increase  of  transparency  even 
if  accompained  by  unsteadiness  is  of  value  in  eye  observa- 
tions I  had  been  led  to  suppose,  from  conversations  with 
Government  officers  and  persons  connected  with  the  geological 
and  geographical  surveys  of  the  Territories,  that  the  Wahsatch 
range,  which  is  intermediate  between  the  Sierra  Nevada  on  the 
west  and  the  true  Rocky  Mountains  on  the  east,  would  oflFer 
the  greatest  advantages.  This  supposition  turned  out  to  be 
altogether  incorrect,  though  it  might  have  been  argued  that  a 
high  range  flanked  at  a  distance  on  either  side  by  other  higher 
ranges  should  have  given  the  maximum  chance  for  cloudless 
and  still  skies. 

We  first  went  to  Salt  Lake  City,  which,  according  to  the 
Casella  aneroid  I  carried,  is  at  an  elevation  of  4,660  feet  above 
the  sea.  It  lies  at  the  foot  of  the  Wahsatch  range.  At  eleven 
o'clock  on  the  evening  of  arrival,  August  25th,  I  took  some 
observations  from  the  hotel,  after  carefully  centering  the  object- 
glass.      Saturn    looked   about   the  same  as   on   an  ordinary 
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night  at  my  observatory.  Capella,  which  was  just  clear  of  the 
loQse-tops  across  the  street,  twinkled  as  badly  both  to  the 
naked  eye  and  in  the  telescope  as  I  have  ever  seen  it  at  the  sea- 
level.  Lieutenant  Warren,  of  Camp  Douglas  (a  military  post 
fiear  the  city)  said  there  had  been  a  heavy  rain  the  week 
previous  and  the  air  was  more  moist  than  usual.  I  had  noticed 
that  the  sun  set  among  just  such  a  bank  of  clouds  as  we  are 
iccustomed  to  see, in  New  York.  I  was  somewhat  prepared  for 
I  tremulous  condition  in  these  high  regions,  because,  the  pre- 
ceding night  having  stopped  for  a  few  minutes  at  Fort  Steele, 
>n  the  Union  Pacific  Railroad,  I  perceived  that  Antares 
twinkled  very  much  though  we  were  nearly  7,000  feet  above 
;he  sea. 

However,  in  order  to  make  a  thorough  trial  it  seemed  best  to 
iscend  one  of  the  high  peaks  of  the  Wahsatch,  and  accordingly 
he  Ited  Butte  was  selected.  The  officers  at  Camp  Douglas 
acilitated  the  trip  in  every  way,  furnishing  horses  and  a  guide, 
Lnd  the  surgeon  of  the  PostT  Dr.  Smart,  who  is  an  able  and 
cientific  man,  accompanied  me.  The  peak  proved  to  be  7,350 
eet  high.  Though  it  was  quite  clear  when  we  started,  clouds 
[athered  in  every  direction  as  the  sun  went  down,  and  at  night- 
all  the  sky  was  entirely  overcast.  Moreover,  the  wind  blew  so 
trongly  that  it  was  necessary  to  retire  over  the  brow  of  the 
noantain,  and  eventually  we  returned  to  Camp  Douglas.  At 
his  point,  5,250  feet  above  the  sea  nnd  about  600  feet  higher 
ban  Salt  Lake  Citv,  the  telescope  was  set  up  to  take  advantage 
if  some  breaks  in  the  clouds,  through  which  the  Moon,  Antares, 
J  UrsfiB  Majoris  and  Jupiter  appeared.  With  a  power  of  only 
wenty  the  twinkling  was  surprisingly  great ;  I  do  not  remember 
jver  to  have  seen  it  worse  with  my  large  instruments. 

These  results  led  to  an  examination  into  the  meteorology  of 
Salt  Lake  City,  so  as  to  find  out  the  rainfall  and  its  distribution 
uid  the  percentage  of  cloudy  davs.  Dr.  Smart  had  the  follow- 
ing copy  of  the  post  records  maae  for  me : 

Tablb  1 — RcMirfaU  and  other  Cloudy  Dayt  at  SdU  Lake  City, 


1 

1 

Jajtvamy. 

FXBBVABT. 

Maboh. 

Apbil. 

Mat. 

Jmrs. 

t 

fUin  fall 

A  in*lt«d 

Soow. 

Cl'dy 
dayi. 

23 
18 
31 
27 

lUia 
fUl. 

Cl'dy 
dayt. 

19 
19 
17 
28 
23 

lUin 

fitU. 

Cl'dy 
day». 

11 

21 
31 

28 

lUIn 

fall. 

Cl-dy 
dayi. 

«  « 

10 
16 
23 
17 

Rain 
faU. 

Cl'dy 
dayi. 

16 
16 
16 
4 
19 

Rain 
fall. 

Cl'dy 
dayt. 

11 

5 
13 

7 
7 

'  1872 

:1S73 

1874 

1873 

1876 

130 
2^18 
128 
2-21 
1-22 

2-60 

1^89 

l-OS 

•80 

•90 

1-20 
•90 
2-87 
2-37 
4^00 

204 
2-00 
•77 
105 
r79 

234 
4^10 
289 
3-29 
4-04 

•58 
•24 
•72 
110 
•14 

Senrtf  Drt^er — Aatnmomwal  OUerualion* 


Tabu  I  — oontlini«d. 


J.^,. 

OOTOBim. 

not™-..]  n™.^J 

vr 

*>? 

■Sm. 

tti  '^i 

■s;i 

■J:!' 

d.]' 

■s^ 

ci-j, 

^T.  !£^j 

18T3 

■03 

10 

■Ti 

ifl 

■w 

9 

I'M 

13 

■66 

16 

s^se 

IS 

187S 

■18 

7 

■W 

M 

■43 

6 

■M 

13 

■38 

10 

1^ 

34 

18T4 

913 

10 

3-n 

B 

■80 

6 

1^8B 

87 

B-aa 

36 

1-06 

ST 

1875 

■64 

14 

0 

0 

1-16 

18 

1^48 

18 

4'S4 

90 

a-ra 

« 

1876 

1-oe 

S 

From  Table  I,  it  appears  that  the  average  annual  raiD&ll  fw 
the  past  five  years  is  IBtVh  iQcbes,  distributed  as  shown  in 
Table  IL  There  is  no  perfeetlj  diy  month,  the  nearest  approacli 
beiDg  during  the  summer.  The  cloudy  days  are  194  per  anaum, 
the  disposition  being  similar  to  the  rainfalL 


95  cloDdr  days. 
81         '' 


Jnoaaiy,  I^A4  locbea  ornlii. 

FfbrnaiT,  1-44 

lUrcb,  9^8T 
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October,  141 

November,  1-96 

December,  1-83 

A  former  pupil,  of  mine,  and  graduate  of  the  University,  Dr. 
Benedict,  informed  me  that  the  Mormons  believed  the  rainfall 
had  much  increased  since  their  community  had  settled  in  Ulab, 
and  this  seems  to  be  home  out  by  the  statement  that  whereas 
formerly  three  gallons  of  Salt  Lake  water  produced  on  evapora- 
tion one  gallon  of  salt  it  now  takes  four  gallons  to  prodace 
the  same  quantity. 

On  the  whole  it  is  doubtful  whether  there  would  be  enougb 
advantage  in  bringing  a  large  telescope  to  this  region  to  make 
it  worth  while  to  encounter  the  labor  and  expense. 

On  August  SOth,  having  taken  an  escort  we  moved  eoutii 
from  Fort  Steele,  latitude  41°  48',  longitude  107°  0»',  along  the 
north  fork  of  the  Platte  River  into  the  main  range  of  the 
Rocky  Mountains.  During  the  fifteen  days'  expedition  there 
were  only  two  nights  on  wliicb  we  saw  clouds  enough  to  pre- 
vent astronomical  working,  and  only  one  thunder  stnrm  of  anj 
moment  took  place  in  our  immediate  vicinity;  about  one- 
quarter  of  an  inch  of  rain  fell.    The  sky  was  rarely  perfect!; 
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ree  from  clouds  and  many  local  thunder  storms  occurred 
kboat  the  higher  peaks,  but  they  seldom  extended  to  the 
>lateaus  below. 

September  1st  and  2d  our  camp  was  8900  feet  above  the 
tea  in  the  vicinity  of  mountains  rising  10,000  and  11,000  feet 
Pbese  peaks  seemed  to  be  nearer  than  they  really  were,  for  the 
raosparency  of  the  air  causes  estimates  of  distance  to  be  decep- 
ive.  From  the  top  of  one  I  subsequently  saw  the  Seminole 
noantain  which  was  150  miles  distant;  it  did  not  appear  to  be 
K>  miles  away.  The  night  of  Sept  1st  was  quite  clear,  with 
rery  little  cloud,  and  the  atmosphere  remarkably  tranquiL 
^n'tares,  when  near  setting,  hardly  twinkled  at  all,  and  Arc- 
;ara8  in  the  telescope  exhibited  four  dilTraction  rings  unbroken 
>y  flickering.  The  central  disc  was  as  hard  and  sharply  de- 
ined  as  the  pinhole  in  the  lamp  screen  I  am  accustomed  to 
Else  in  testing  specula  and  lenses.  I  looked  for  the  companion 
•yi  Polaris,  but  partly  on  account  of  the  nearly  full  Moon,  and 
partly  from  the  thickness  of  the  difl'raction  rings,  I  could  not  be 
sure  of  it  The  Moon  was  perfectly  steady ;  with  a  power  of 
60  there  was  no  trace  of  twinkling  at  the  terminator.  I  tried 
to  see  Titan,  the  largest  satellite  of  Saturn,  but  did  not  succeed. 
At  the  time  it  was  not  certain  whether  this  failure  was  due  to 
the  position  of  Titan  with  relation  to  Saturn,  or  whether  it 
arose  from  the  blinding  efTulgence  of  the  Moon.  Capella  was 
perfectly  steady  though  there  was  a  slow  change  of  color 
irom  bluish  to  reddish  occupying  about  a  second. 

The  succeeding  night  at  nine  o'clock,  though  the  sky  was 
mostly  coveted  with  cumulus  clouds  in  motion  southward,  I 
was  surprised  to  find  the  terminator  of  the  Moon  absolutely  free 
from  twinkling,  and  Arcturus  down  ainortg  the  tops  of  the 
dead  aspen  trees  as  steady  as  possible.  The  four  aiflfraction 
rings  round  the  central  disc  were  not  perfectly  circular,  but 
that  was  the  fault  of  the  len&  Every  defect  of  centering  or  of 
surface,  and  any  vein  in  the  glass  comes  out  even  more  clearly 
than  in  the  workshop  examinations,  because  while  the  air  is  as 
steady  the  light  is  far  more  intense. 

I  am  certain  if  a  large  telescope  could  l>e  brought  here  and 
maintained  against  the  furious  winds  great  results  might  be 
attained  if  there  is  much  of  this  weather.  But  this  particular 
place  is  difficult  of  access  and  possibly  no  better  tnan  other 
situations  on  the  line  of  the  railroad.  The  sky  is  not  as  black 
as  I  had  expected;  it  is  rather  of  a  light  blue,  though  the  full 
Moon  makes  much  difference. 

On  several  other  nights  in  both  lower  and  higher  places  I 
made  observations  but  never  saw  the  combination  of  steadiness 
and  transparency  again.  On  the  plateaus  at  the  foot  of  the 
mountains  and  away  from  the  groves  of  aspen   trees  and  pines 
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the  sun  sends  down  scorching  rays  all  day  long  on  the  alkali 
plains  where  only  sage  plants  are  spareely  scattered^  and  even 
on  horaeback  one  can  see  the  heated  waves  rising  from  the 
ground.  The  air  is  far  from  being  moist  for  the  lips  are  apt  to 
crack  and  bleed,  and  the  mucous  membrane  of  .  the  nose  is 
parched.  When  the  sun  sets  the  ground  radiates  rapidly,  and 
we  frequently  had  by  morning  one-quarter  of  an  incn  of  ice  in 
our  vessels  of  water  sUinding  outside  the  tents.  These  plateaus 
are  on  an  average  about  7250  feet  above  the  sea.  l^le  mere 
fact  of  broken  gn>und  and  wooded  surroundings  does  not 
however  suffice  to  produce,  even  at  this  season,  a  tranquil  air, 
for  when  we  mde  over  the  Rocky  Mountains  along  the  mai^io 
of  perpetual  snow  to  the  headwaters  of  Snake  River,  and 
camped  at  Trout  Lake  nearly  10,000  feet  high,  though  the  air 
was  exceedingly  transparent  it  was  very  unsteady.  I  rose  at 
four  A.  M.  to  see  Venus,  and  her  splendor  was  so  great  that  it 
led  to  a  most  delusive  estimate  of  her  apparent  size.  Occa- 
sionally during  clear  frosty  weather  in  mia winter  a  night  of 
similar  characteristics  is  seen  at  my  observatory.  On  such  an 
occasion  I  obtained  at  the  principal  focus  of  the  15i-inch  re- 
flectc>r  a  photograph  of  the  Moon  near  her  third  quarter  in  less 
than  a  second. 

The  officei's  of  Fort  Steele  and  the  guides  say  it  would  be  im- 
possible to  do  any  astronomical  work  in  this  region  from  the 
middle  of  October  till  the  middle  of  May,  that  is,  for  seven 
months.  The  fierce  winds,  heavy  falls  of  snow  and  intense 
cold  would  be  unbearabla  Even  in  the  beginning  of  Septem- 
ber we  needed  large  camp  fires  in  the  morning  and  evening. 
Our  camp  at  Trout  Lake  could  only  be  reached  for  six  weeks 
in  summer  on  account  of  the  depth  of  snow  in  the  fallen  timber. 

On  the  whole  it  may  be  remarked  of  this  mountain  region 
that  the  astronomical  condition,  particularly  for  photographic 
researches,  is  unpromising.  In  only  one  place  were  steadiness 
and  transparency  coraWned,  and  only  two  nights  out  of 
fifteen  at  the  best  season  of  the  year  were  exceptionally 
fine.  Tlie  tninsparency  was  almost  always  much  more 
marked  than  at  the  sea  level,  but  the  tremulousness  was  as 
great  or  even  greater  than  near  New  York.  It  is  certiiin  that 
during  more  than  half  the  year  no  work  of  a  delicate  charac- 
ter could  be  done.  At  the  end  of  August  in  sheltered 
positions,  and  in  good  tents,  we  slept  under  lialf  a  dozen  thick- 
nesses of  blanket  and  only  partially  undressed.  Such  a  degree 
of  cold  distracts  the  mind  and  numbs  the  body.  Apparently, 
therefore,  judging  from  present  information,  it  would  not  be 
judicious  to  move  a  large  telescope  and  physical  observatory 
into  these  mountains  with  the  hope  of  doing  continuous  work 
under  the  most  favorable  circumstances. 
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ar.  IX. — Photographs  of  the  Spectra  of  Vftnus  and  a  Lyres. 
Note  by  Prol  Henry  Draper,  M.D  * 

Since  the  spring  of  1872  I  have  been  making  photographs  of 
e  spectra  of  the  stars,  planets  and  Moon,  and  particularly, 
long  the  stars,  of  a  Lyrse  and  ot  Aqnilae  with  my  28-inch 
Sector  and  12.-1  nch  refractor.  In  the  photograph  oi  ft  Lyrse, 
nds  or  broad  lines  are  visible  in  the  violet  and  ultra-violet 

S'ou  unlike  anything  in  the  solar  spectrum.     The  research  is 
cult  and  consumes  time,  because  long  exposures  are  neces- 
ry  to  impress  the  sensitive  plate,  and  the  atmosphere  is  rarely 

the  best  condition.  The  image  of  a  star  or  planet  must  be 
pt  motionless  for  from  ten  to  twenty  minutes,  and  hence  the 
iving  clock  of  the  telescope  is  severely  taxed. 
During  last  summer  I  obtained  good  results,  and  in  October 
>k  photographs  of  the  spectrum  of  Venus,  which  show  a  large 
mber  of  lines.  I  am  now  studying  these  pictures,  and  have 
bmitted  them  to  the  inspection  of  several  of  my  scientific 
ends,  among  others  Professors  Barker,  Langley,  Morton  aud 
Uiman.     There  seems  to  be  in  the  case  of  Venus  a  weakening 

the  spectrum  toward  H  and  above  that  line,  of  the  same  char- 
ter as  that  I  have  photographically  observed  to  take  place  in 
e  spectrum  of  the  Sun  near  sunset 

!7ew  York,  December,  1876. 


BT.  X. — On  Dinifroparadibrombenzols  and  their  Derivatives; 
by  Dr.  Peter  Townsend  Austen.     Second  Paper. 

TuE  separation  of  the  three  isomeric  dinitroparadibromben- 
is  I  have  already  described  in  a  previous  paper.f 
The  residue  from  the  separation  of  the  (x-  and  /^-isomers 
nsisted,  for  the  most  part,  of  y5-dinitroparadibrombenzols, 
lich  forms  the  chief  product  of  the  nitrition.  These  resi- 
les were  collected  and,  after  several  crystallizations  from  car- 
>n  disulphide,  were  recrystallized  from  glacial  acetic  acid. 
Eter  six  crystallizations,  the  fusing  point  remained  constant. 

JBetadinitroparadibromhenzoL 

The  betadinitroparadibrombenzol  crystallizes  from  its  solu- 
>n  in  carbon  disulphide  in  thick  white  pointed  and  peculiarly 
nt  needles.     It  is  very  easily  soluble  in  the  usual  solvents, 

^  This  article  was  printed  on  the  third  page  of  the  cover  of  the  January  num- 
*,  and  is  here  reprcKluoed  without  change. — Eds. 
\  This  Journal,  vol  xii,  118,  1876. 
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especially  in    glacial  acetic  acid,    carbon    disulphide,    acetic 
ether,*  alcohol,  etc. 

It  fuses  at  99°-100°t  to  a  yellowish  liquid.  0-2940  grms  of 
substance  gave  0-0380  grms.  of  H'O,  and  0-2418  grms.  of  CO*. 

Calculated  for  0«H»(NO*)'Br«.  Poundt 

C=22-08  22-43 

H=  0-61  1-24 

The  compound  is  somewhat  volatile.  Inspiration  of  its 
vapors  occasions  an  intense  inflammation  of  the  mucous  mem- 
branes. An  alcoholic  solution,  when  brought  upon  the  skin, 
excites  itching,  smarting,  and  inflammation  accompanied  by 
subsequent  peeling  off  of  the  skin.  A  minute  quantity 
brought  in  contact  with  the  eye  causes  a  sharp  pain  lasting  sev- 
eral days.  On  the  more  sensitive  skin  of  the  iface  it  gives  rise 
to  a  smart  which,  after  it  has  attained  a  maximum,  suddenly 
vanishes.     It  is  hence  a  powerful  excitant. 

*  It  is  veiy  striking  that  nearly  all  substances  which  are  soluble  in  glacial 
acetic  add,  are  also  soluble  in  acetic  ether. 

f  In  a  preliminary  notice  I  gave  the  fusing  point  as  120**.  The  substance  was 
not  quite  free  from  tiie  isomeric  compounds.  The  separation  of  the  last  traces  of 
the  isomers  is  exceedingly  difficult  The  greatest  care  is  also  necessary  in  the 
determinations  of  the  fusing  points,  for  the  substance  which  fused  at  I'JO**  re- 
tained the  same  fusing  point  even  after  four  crystallizations  from  glacial  acetic 
acid.  A  single  crystallization  from  alcohoL  however,  sufficed  to  prove  it  a  mix- 
ture. In  a  similar  manner  a  mixture  of  substances,  with  which  I  have  recently 
been  working,  retained  an  exact  fusing  point  of  195**  during  seven  crystallizatioDB 
from  glacial  acetic  acid,  while  two  crystallizations  from  alcohol  proved  that  two- 
thirds  of  the  mixture  consisted  of  a  substance  fusing  at  ISG*". 

X I  have  rarely  analyzed  a  substance  which  was  so  refractory  during  oombua* 
tion  as  this  betadinitroparadibrom benzol.  All  attempts  at  burning  it  with  copper 
oxide  or  lead  chromate  failed  owing  to  the  sublimation  of  the  substance  to  the 
upper  part  of  the  tube,  from  which  the  highest  attainable  heat  of  the  combustion 
furnace  was  inadequate  to  dislodge  it  In  making  the  combustions  of  this  com- 
pound, as  well  as  of  many  other  substances  encountered  in  this  investigation,  I  have 
used  a  variation  of  the  ordinary  method  of  combustion,  which  has  of  late  found 
an  extended  application  in  the  analysis  of  refractory  organic  substances.  It  was 
suggested  to  me  by  Mr.  Bauermeister  of  the  Berlin  University  laboratory.  I  have 
employed  it,  in  most  cases,  in  preference  to  combustion  in  a  stream  of  oxygen  gas. 
Oopper  oxide,  in  the  form  of  spiculse  (length  about  1 0mm.,  diameter  about  1  to 
2mm.)  having  been  first  introduced  into  the  tube,  the  substance  is  well  mixed  in  a 
mortar  with  lead  chromate  to  which  its  equal  volume  of  the  copper  oxide  is  aftw- 
wards  added,  and  the  whole  again  well  mixed.  After  introducing  the  mixture  into 
the  tube,  the  mortar  is  well  washed  out  with  a  mixture  of  oxide  and  chromate 
(equal  parts)  and  the  washings  added  to  the  contents  of  the  tube.  The  tube  is 
then  filled  up  with  chromate,  leaving  room  for  a  copper  spiral,  in  case  the  sub- 
stance to  be  analyzed  contains  nitrogen,  and  rapped  on  the  pointed  end  so  that  the 
contents  may  compact  This  having  been  accomplished,  the  tube  is  rapped  longi- 
tudinally. The  heavy  pulverulent  lead  chromate  sinks  to  the  bottom  leaving  tibe 
channel  filled  wiUi  a  net-work  of  copper  spiculse.  The  gases  have  to  pass  through 
this  net-work  and  are  hence  exposed  to  a  very  great  oxidizing  surface.  Loss  by 
sublimation  is  entirely  avoided,  since  the  substance  must  necessarily  be  deposited 
on  the  spiculaa  and  by  them  be  completely  oxidized.  In  case  the  compound  con- 
tains hidoid  elements,  about  two  inches  of  the  lead  chromate  nearest  the  cork 
end  of  the  tube  must  be  kept  just  off  the  red  heat  (**  black")  so  as  to  prevent  any 
of  the  haloid  copper  compounds,  which  may  be  formed,  from  passing  into  the 
potash  bulbs. 
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BetadinitroparabromanUine, 

By  heating  the  betadinitroparadibrombenzol  with  alcoholic 
ammonia  for  eight  hours  in  a  closed  tube  at  100^,  I  obtained  a 
deep  red  solution,  from  which  a  large  mass  of  red  scales  sepa- 
rated on  cooling.  The  solution  was  poured  into  cold  water, 
and  the  resulting  yellow  precipitate  dissolved  in  boiling  abso- 
lute alcohol  which  contained  animal  charcoal,  filter^,  and 
allowed  to  stand.  The  pure  substance  obtained  in  this  manner 
formed  orange- red  scales  fusing  at  160°.* 

0-3010  grms.  of  substance  gave  0*0506  grms.  of  H'O  and 
0-3044  grms.  of  C0«. 

0*24  grms.,  after  the  method  of  Carius,  gave  0*148  grms.  of 
AgBr  and  0*0027  grms.  of  Ag. 

Calculated  for  C«H'(N0')«NH*Br.  Pound. 

I.  n. 

C  =27-48  27-68  

H=  1-62  1-86  

Br=:  30-63  30*90 

The  substance  is  easily  soluble  in  boiling  alcohol  and  glacial 
acetic  acid.  It  is  almost  insoluble  in  water,  and  entirely  so  in 
oarbon  disulphide. 

It  is  not  acted  upon  by  boiling  amyl  nitrite,  although  in  a 
closed  tube  at  100°  the  substances  react.  No  defined  product 
was  obtained,  which,  however,  was  more  probably  owing  to  the 
small  amount  of  substance  used  than  to  the  absence  of  a  dini- 
trobrombenzol. 

Strong  alcoholic  ammonia  remained  at  200°  without  action 
upon  it  This,  however,  was  not  surprising,  since,  according 
to  Meyer  and  Wurster,t  only  one  bromine  atom  of  the  mono- 
nitroparadibrombenzol  can  be  substituted  by  direct  action  of 
ammonia.  A  somewhat  similar  case  is  recorded  by  Armstrong.:^ 
He  found  that  the  chlorine  atom  of  dinitrochlorphenol  was 
not  aflFected  by  ammonia.  The  weakening  action  of  the  nitro- 
groups  may,  perhaps,  here  be  overcome  by  the  formation  of  the 
ammonium  salt. 

When  boiled  with  alcoholic  potash  the  substance  evolves 
ammonia,  but  the  nitro-groups  appear  to  be  affected,  and  a 
general  decomposition  is  the  result. 

JBetadinitroparabromanilidohemol. 

On  treating  the  betadinitroparadibrombenzol  with  aniline, 
the  mass  assumed  a  fine  red  color.  On  heating  a  violent  reac- 
tion ensued,  and  the  mixture  boiled  of  itself.  The  solution 
was  allowed  to  cool,  and  then  treated  with  dilute  chlorhydric 
acid.     An  oil  separated  and  gradually  solidified.     The  dark 

*  It  is  worthy  of  notice  that  the  fusing  point  of  this  compound  (160°)  is  nearly 
the  same  as  that  of  the  alphadinitroparadibrombenzol  (159°). 
f  Ber.  d.  d.  cheoL  G^.,  v,  632.  %  Ghem.  Soc  J.,  (2),  z,  12. 
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violet  mass  was  several  times  well  washed  with  water,  and  then 
dissolved  in  boiling  absolute  alcohol  containing  animal  char- 
coal, filtered,  and  allowed  to  crjstalliza  The  substance  forms 
superb  orange-red  fine  hairy  needles  fusing  at  120^  They  are 
soluble  in  boiling  glacial  acetic  acid  and  in  alcohol. 

0*2885  grma  of  substance  gave  0*0684  grms.  of  H'O  and 
0*4444  grms.  of  C0«. 

0  1685  grma  after  the  method  of  Carius  gave  0*0910  grms. 
of  AgBr  and  0'0016  grms.  of  Ag. 

Calculated  from  the  formula — 

fNO* 

cent  J  ^^' 

[Br 
Theory.  Found. 

L  n. 

C  =4*2-60  42-64  

H  z=  2*36  2-67  

Br=23-66  23-66 

BetadinitroparabromdinitroanilidohenzoL 

The  preceding  compound  was  added  in  small  portions  to 
fuming  nitric  acid  at  a  temperature  of  +12°.  It  dissolved 
quickl}'^  with  a  weak  action,  the  color  of  the  solution  becoming 
aarker.  The  resulting  solution  was  poured  into  cold  water, 
and  the  bright  yellow  powder  which  separated  was  crystallized 
from  boiling  glacial  acetic  acid.  The  substance  fonns  small 
brownish  yellow  scales,  which  fuse  at  167 *5^ 

0*2057  grms.  of  substance  after  the  method  of  Carius  gave 
0*0552  grms.  of  AgBr  and  0*0035  grms.  of  Ag. 

The  formula — 

rNo« 

NH.C«H>(NO«)« 
Br 

requires  18*69  Br  ;  18*81  was  found. 

The  compound  is  easily  soluble  in  boiling  glacial  acetic 
acid,  but  with  diflRculty  in  alcohoL  K  it  be  warmed  with  a 
solution  of  sodic  hydrate,  it  forms  immediately  a  deep  blood 
red  solution,  from  which,  after  a  few  minutes  have  elapsed,  the 
separation  of  glittering  red  and  green  dichroic  needles  takes 
placa  This  compound  I  take  to  be  a  sodium  betadinitropara- 
dinitroanilidophenylate — 


C«HM 


C«Ha 


rNo« 

N02 


\  NH.C«H3(N0«)a 
[ONa 
X}ziiver8it7  Laboratory  of  Berlin,  Julj  16,  1876. 
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Art.  ^T. — On  some  Points  in  connection  with  Vegetation  ;   by 

Dr.  J.  n.  Gilbert. 

[Continued  from  page  32.] 

Amount  of  nitrogen  assimilated  by  plants. — Let  us  now  recur 
to  the  question  of  the  various  amounts  of  nitrogen  assimilated 
over  a  given  area  by  plants  of  diflFerent  natural  orders,  and  call 
attention  to  the  facts  bearing  upon  the  point  which  these 
experiments  on  the  mixed  herbage  of  grass  land  have  supplied. 

Tablb  IV. —  Tteld  of  Nitrogen  in  the  Mixed  Herbage  of  Permanent  Grass  land  at 

Boihamsted, 


Plots. 

3 

4.1 
8 
7 

Conditions 
of 

Average  Prodnee  per  acre 
per  snnam,  90  Tears, 

1H6-181B,  according  to 
Mean  per  cent  at  6perlods 

180.  W.  m.  "71.  •«.  T6. 

Ayerage  nitrogen  per 
Acre  per  annnm. 

10 
years 
18EW- 

1885 

10 

years 

180fr- 

1875 

ao 

years 
1856- 
1875 

Graml- 
nee. 

Legnml- 
noB«. 

Other 
Orden. 

Iba. 
529 
673 
639 
573 

Unmanured 
Superphosphate* 
Oomplex  Min.  Manure.f 
Complex  Min.  Manure.^ 

lbs. 
1635 
1671 
2442 
2579 

lbs. 
219 
149 
296 
806 

lbs. 

361 

35-7 

54*4 

55-2 

lbs. 
30-9 
31-5 
381 
56-0 

lbs. 
33  0 
33-6 
46-3 
66-6 

In  Table  IV.  is  shown  the  average  produce  (in  the  condition 
of  hay)  in  lbs.,  per  acre,  per  annum,  over  twenty  yeare,  of  herb- 
age of  the  gramineous  ramily,  of  herbage  of  the  leguminous 
family,  and  of  herbage  of  other  orders,  calculated  according  to 
the  mean  percentage  of  each  of  these,  determined  in  separations 
at  six  periods,  namely,  in  1862,  1867,  1871,  1872,  1874,  and 
1875,  in  samples  of  the  produce  of  four  of  the  plots  which  have 
received  no  nitrogenous  manure  from  the  commencement; 
and  there  is  also  given,  by  the  side  of  these  results,  the  average 
annual  vield  of  nitrogen  per  acre  over  the  first  ten,  the  second 
ten,  and  the  total  period  of  twenty  vears,  in  each  case. 

The  quantities  of  tiitrogen  yielded  are  calculated  from  the 
results  of  actual  determinations  of  the  nitrogen  in  the  mixed 
produce  of  the  respective  plots ;  but  the  estimates  of  the  quan- 
tity of  the  produce  referable  to  the  different  Natural  Orders 
must  be  talcen  as  only  giving  a  general  indication  or  an 
approximation  to  the  truth ;  for,  while  the  amount  of  the 
total  mixed  produce  is  the  average  of  that  of  the  twenty  years, 

*  Mean  of  four  separations  only,  namely,  1862,  1867,  J  872  and  1875. 
f  Including  potass  six  years,  1856-1861 ;  without  potass,  fourteen  years,  1862 
-1876. 

)  Induding  potass  twenty  years,  1856-1875. 


100      J.  H.  Oilbert  ^Points  in  connection  tvtth  Vegetation. 

the  amount  of  it  referred  to  the  different  orders  is  calcalated 
upon  their  percentage  determined  in  six  years  only,  four  of 
which  are  among  the  last  five,  and  the  fluctuation  according 
to  season  is  in  some  cases  very  considerable,  while  in  others  there 
is  a  progression  in  the  changes,  which  render  an  accurate 
estimate  of  the  average  botanical  composition  of  the  herbage 
over  the  whole  period  impossible.  Tne  figures  do,  however, 
undoubtedly  represent  the  truth  suflBciently  nearly  for  our 
present  purpose.  But  before  referring  to  the  vield  of  nitrogen, 
it  may  be  remarked,  in  passing,  how  much  greater  is  the 
increase  of  gramineous  produce  by  the  use  of  purely  mineral 
manures  in  tnis  mixed  herbage  than  in  the  case  of  gramineous 
crops  grown  separately.  The  interesting  question  arises,  how 
far  the  result  is  due  to  the  direct  action  of  the  mineral  manures 
in  enabling  the  grasses  to  form  much  more  stem  and  seed — 
that  is,  the  better  to  manure — which,  as  a  matter  of  fact,  they 
are  found  to  do?  or  how  far  the  increased  growth  is  to  oe 
explained  by  an  increased  accumulation  of  combined  nitrogen 
available  for  the  grasses  in  the  upper  layers  of  the  soil,  as  the 
result  of  the  increased  growth  of  the  Leguminosse  induced  by 
the  potass-manure,  as  already  illustrated  by  the  results  obtain^ 
in  alternating  clover  and  barley,  and  in  an  actual  course  of 
rotation  ? 

Referring  to  the  yield  of  nitrogen,  it  is  seen  that,  without 
manure,  it  has  diminished  during  the  last  as  compared  with 
the  first  ten  years;  but  that  the  average  is  thirty-three  pounds 
per  acre,  per  annum,  or  considerably  more  than  with  a  gramin- 
eous crop  grown  separately. 

With  super-phosphate  of  lime  alone,  the  yield  of  nitrogen 
over  the  first  ten,  the  second  ten,  and  the  twenty  years,  is  very 
nearly  the  same  as  without  manure.  It  is  slightly  higher  as 
is  also  the  total  amount  of  produce;  but  while  the  quantity 
contributed  by  gramineous  species  is  rather  more,  that  yielded 
by  leguminous  species  is  less,  and  that  by  species  belonging  to 
other  orders  more  than  without  manure. 

With  super-phosphate  of  lime,  and  sulphates  of  potass,  soda 
and  magnesia,  during  the  first  six  years,  but  no  potass  during 
the  last  fourteen  years  (plot  8),  the  amount  of  both  gramineous 
and  leguminous  herbage  is  very  much  increased ;  and  that  of 
the  leguminous  produce  was  especially  so  during  the  earlier 
years.  The  result  is  a  yield  of  55*4  lbs.  of  nitrogen  per  acre, 
per  annum,  over  the  first  ten  years,  of  only  38*1  lbs.  over  the 
second  ten  years,  and  of  46*3  lbs.  over  the  twenty  years. 

With  the  complex  mineral  manure,  including  potass  each 
year  throughout  the  period  of  twenty  years  (plot  7),  legumi- 
nous species  contribute  about  one-fifth  of  the  whole  produce, 
or  very  much  more  than  in  either  of  the  other  cases.     The 
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result  is  an  annual  yield  of  55*2  lbs.  of  nitrogen  over  the  first 
ten  years;  of  even  slightly  more,  or  fifty-six  lbs.,  over  the 
second  ten  years:  and  of  55*6  lbs.  over  the  whole  period  of 
twenty  yeara — that  is,  considerably  more  than  twice  as  much 
as  would  be  yielded  by  a  gramineous  crop  grown  separately 
on  arable  land.  It  may  here  be  observed  that,  while  in  the 
case  of  the  first  three  plots  referred  to,  the  produce  of  the 
mixed  herbage  diminished  over  the  second  as  compared  with 
the  first  ten  years,  that  of  plot  7,  with  the  potass  manure,  and 
so  much  leguminous  herbage,  increased  slightly  over  the  sec- 
ond compared  with  the  first  ten  years.  Finally,  it  may  be 
remarked  on  this  point,  how  comparatively  uniform  is  the 
average  yield  of  produce  hj  all  other  species  other  than  the 
gramineous  and  the  legummous  on  the  four  very  differently 
manured  plots. 

Here  again,  then,  the  results  relating  to  the  growth  of  species 
of  many  difterent  natural  orders  growing  together,  like  those 
relating  to  the  growth  of  individual  species  grown  separately, 
show  that  those  of  the  leguminous  family,  and  probably  those 
of  various  other  orders  also,  have  the  capacity  of  assimilating 
much  more  nitrogen  over  a  given  area  than  species  of  the  order 
Graminead. 

Assuming  for  the  sake  of  argument  that  the  yield  of  nitrogen 
by  the  GraminesB  grown  separately  may  be  explained,  as  already 
suggested,  by  reference  to  the  amount  of  combined  nitrogen 
acquired  from  the  measured  aaueous  deposits  from  the  atmo- 
sphere, together  with  that  condensed  within  the  pores  of  the 
soil,  and  that  derived  from  previous  accumulations  within  it, 
the  question  arises,  can  the  greatly  increased  yield  by  other 
plants  be  so  accounted  for?  or,  if  not,  how  otherwise  may  it 
be  explained  ?  We  will  endeavor  to  weigh  the  evidence  bear- 
ing upon  this  point. 

Is  the  combined  nitrogen  in  the  atmosphere  the  source  of  the  assim- 
ilated nitrogen  f — It  so  happens  that  the  plants  which  do  gather, 
or  which  have  been  supposed  to  gather  nitrogen  more  readily 
than  the  Graminese,  have  obviously  a  different  character  of 
foliage;  as,  for  instance,  the  ^* root  crops" — turnips  and  the 
like;  and  the  leguminous  crops — beans,  peis,  clover,  etc.  An 
obvious  explanation,  therefore,  which  will  be  found  in  books 
of   authority,   is  that    these   so   distinguished    **  broad-leaved 

!>lants"  have  the  power  of  taking  up  nitrogen  in  some  form 
rom  the  atmosphere,  in  a  degree,  or  in  a  manner,  not  possessed 
by  the  narrow-leaved  gramineous  plants.  It  is  true  that 
Adolph  Mayer  in  Germany,  and  Schldsing  in  France,  have 
experimentally  shown  that  plants  can  take  up  nitrogen  by 
their  leaves  from  ammonia  supplied  to  them  in  the  ambient 
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atmosphere.  But  I  think  I  am  right  in  saying  that  the  con- 
clusion of  both  of  these  experimenters  is  that  this  action  takes 
place  in  a  very  immaterial  degree  in  natural  vegetation. 

In  reference  to  this  subject,  I  may  observe  that  the  results 
of  the  determinations  of  the  ammonia  in  the  atmosphere  by 
different  experimenters,  and  in  diflferent  localities,  vary  very 
greatly ;  ana  it  may  be  concluded  that  a  shower  of  rain  will 
wash  out  much  of  it.     According  to  M.  Schlosing's  statement 
of  the  results  of  his  recent  determinations  of  the  ammonia  in 
the  air  of  Paris  (Compt.  Rend.,  Ixxxi,  p.  1262  et  seq.),  it  ranges 
from  one  part  in   about   12,500,000,   to  one   part  in   about 
260,000,000  of  air  by  weight     If,  for  the  purpose  of  illustra- 
tion, we  assume  that,  on  the  average,  the  ambient  atmosphere 
in  the  open  country — in  Europe,  at  any  rate — will  contain  one 
part  of  ammonia  in  60,000,000  of  air,  or  one  part  of  nitrogen 
as  ammonia  in  about  50,000,000  of  air,  the  atmosphere  would 
thus  contain  more  than  8,000  times  less  nitrogen  as  ammonia 
than  carbon  as  carbonic  acid.     But  cereal  crops  contain  one 
part  of  nitrogen  to  about  thirty  of  carbon,  and  leguminous 
crops,  one  of  nitrogen  to  fifteen,  or  fewer,  of  carbon.     On  these 
assumptions,  the  ambient  atmosphere  would   contain  a  pro- 
portion of  nitrogen  as  ammonia,  to  carbon  as  carbonic  acid, 
about  267  times  less  than  that  of  nitrogen  to  carbon  in  cereal 
produce,  and  about  534  limes  (or  more)  less  than  that  in  l^u- 
mi  nous   produce.     It  is  true  that  water  would  absorb  very 
much  more  nitrogen  as  ammonia,  or  dissolve  very  much  more 
as  carbonate  or   bi-carbonate  of  ammonia,   than  it  would  of 
carbon  as  carbonic  acid  under  equal  circumstances.     Hence, 
there  would  appear  to  be  a  compensating  quality  for  the  small 
actual  and  relative  amount  of   nitrogen  as  ammonia  in  the 
atmosphere,  in  the  greater  solubility  or  absorbability  of  the 
compounds  in  which  nitrogen  exists,  than  of  the  carbonic  acid 
in  wnich  the  carbon  is  presented.     Further,  it  can  hardly  be  to 
merely  a  greater  extent  of  leaf  or  above-ground  surface  that  the 
result  could  be  attributed.     Thus,  though  a  bean  and  a  wheat 
crop  may  yield  about  equal  amounts  of  dry  matter  per  acre, 
the  bean  produce  would  contain  from  two  to  three  times  more 
nitrogen,  and  approximate  measurements  show  that  a  wheat 
plant  offers  a  greater  external  supei'fices  in  relation  to  a  given 
weight  of  dry  substance  than  a  bean  plant,  and  greater  still 
therefore  in  relation  to  a  given  amount  of  nitrogen  fixed.     If, 
then,  the  bean  can  in  some  way  take  up  more  nitrogen  from 
the  atmosphere  than  the  wheat,  the  result  must  be  due  to 
character  and  function,  rather  than  to  mere  extent  of  surface 
above  ground.     It  may,  however,  be  observed  that,  as  a  rule, 
even  those  of  the  leguminous  crops  which  are  grown  for  their 
ripened  seed,  maintain  their  green  and  succulent  surface,  over 
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a  more  extended  period  of  the  season  of  active  growth,  than 
do  the  gramineous  corn  crops. 

It  may  safely  be  assertiea,  then,  that  neither  direct  experi- 
mental evidence,  nor  a  consideration  of  the  chemistry  ana  the 
physics  of  the  subject,  would  lead  to  the  conclusion  that  the 
plants  which  assimilate  more  nitrogen  over  a  given  area  than 
others,  do  so  by  virtue  of  a  greater  power  of  absorbing  by 
their  leaves  combined  nitrogen  from  the  atmosphere  in  the 
form  of  ammonia.  And  here  it  may  be  said  in  paasing  that 
the  argument  would  be  still  stronger  against  the  supposition 
^at  nitric  acid  in  the  atmosphere  supplies  directly  to  the 
leaves  of  plants  any  important  amount  of  the  nitrogen  they 
assimilate. 

But  apart  from  the  more  purely  scientific  considerations 
bearing  upon  the  question,  we  believe  that  our  statistics  of 
nitrogen-production  are  themselves  sufficient  to  justify  the  con- 
clusion tnat,  at  any  rate,  the  "broad-leaved"  root-crops,  turnips 
and  the  like,  to  which  the  function  has  with  the  most  confidence 
been  attributed,  do  not  take  up  any  important  proportion  of 
their  nitrogen  bv  their  leaves  from  combined  nitrogen  in  the 
atmosphere.  T^us,  it  has  already  been  shown,  that  the  yield 
of  nitrogen  in  these  crops,  even  with  the  aid  of  complex  min- 
eral manures,  was  in  the  later  years  reduced  to  a  lower  point 
than  that  in  any  other  crop ;  the  percentage  of  nitrogen  in  the 
upper  layers  of  the  soil  was  also  reduced  to  a  lower  point  than 
with  any  other  crop.  The  evidence  of  this  kind  is,  however, 
admittedly  not  so  conclusive  in  regard  especially  to  plants  of 
the  leguminous  family. 

Is  the  free  nitrogen  of  the  atmosphere  the  source  of  the  assimilated 
nitrogen  f — But  as  about  four-fifths  of  the  atmosphere  which  sur- 
rounds the  leaves  of  plants  consist  of  free  nitrogen,  why  should 
not  this  be  a  source  to  tliem  of  the  nitrogen  they  require?  To 
assume  that  it  is  so  is  such  an  obvious  and  easy  way  out  of  so 
many  difiiculties,  that  this  assumption  has  from  time  to  time 
been  freely  made,  and  much  experimental  investigation  has 
been  undertaken  on  the  point  with  the  most  conflicting  results. 
It  is  now  nearly  forty  years  since  Boussingault  showed  that 
there  was  a  greater  assimilation  of  nitrogen  over  a  given  area 
in  a  rotation  of  crops  than  he  could  well  account  for ;  and 
almost  from  that  time  to  this  he  has  been  occupied  with  inves- 
tigations of  very  various  kinds,  sometimes  on  the  atmosphere, 
sometimes  on  meteoric  waters,  sometimes  on  plants,  and  some- 
times on  soils,  the  main  object  of  which  has  obviously  been  to 
throw  light  on  the  question  of  the  sources  of  the  nitrogen  of 
v^etation.  And  almost  for  as  long  a  period  as  Boussingault, 
Mr.  Lawes  and  myself  have  devoted  much  thought  and  inves- 
tigation to  the  same  end. 
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On  this  point,  of  whether  or  not  plants  assimilate  the  free 
nitrogen  of  the  atmosphere,  leaving  out  of  view,  for  lack  of 
time  and  space,  the  experiments  and  conclusions  of  several 
others  who  have  worked  on  the  subject  on  a  less  comprehen- 
sive scale,  I  will  first  briefly  direct  attention  to  the  most  com- 
prehensive series  of  experiments,  the  results  of  which  led  the 
author  to  conclude, that  the  free  nitrogen  of  the  atmosphere  is 
taken  up  and  assimilated  by  the  leaves  of  plants. 

During  the  years  1849,  1860,  1861,  1862,  1864,  1855,  and 
1866,  M.  G.  Ville,  of  Paris,  made  numerous  experiments  on 
this  subiect  His  plants  were  generally  enclosed  in  a  glass 
case,  and  his  soils  consisted  of  washed  and  ignited  sand,  sand 
and  brick,  or  sand  and  charcoal.  They  were  sometimes  sup- 
plied with  a  current  of  unwashed  air,  sometimes  with  a  current 
of  washed  air,  and  they  were  sometimes  in  free  air;  sometimes 
a  known  quantity  of  ammonia  was  supplied  to  the  air  of  the 
apparatus,  and  sometimes  known  quantities  of  nitrate  were 
supplied  to  the  soil.  Lastly,  a  great  variety  of  plants  were 
experimented  upon.  M.  G.  Ville  s  results  are  summarized  in 
Table  V,  below. 

Table  V. — Sammary  of  the.  RemiltB  of  M.  G.  Yillb^s  ExperimerUa,  to  dekrmim 

whether  Plants  asnmikUe  free  Nitrogen. 


PlJkHTB. 

N  itrogen— Gnms. 

NltrogvB 

In 
Prodttcli 

to  1 
Supplied. 

In  Seed, 
and  Air ; 

and 

Manore, 

if  any. 

In 
Prodneta. 

Gain 
or 

LOM. 

1849 :   Current  of  unwashed  air  supplying  O'OOl  grams  Nitrogen  as  Ammonia.* 


Cress  

00260 
00640 
00640 

0-1550 

01470 
00640 
00470 

01210 

00000 

—0-0170 

6-6 
1-0 
0-7 

1-7 

Large  Lupins 

Small  Lupins 

0-2580 

01030 

1 850 :   Current  of  unwashed  air  supplying  O'OOl  7  grams  Nitrogen  as  Ammcma.* 


Colza  (plants) 

Wheat 

0-0260 
0-0160 
0-0130 
0*0290 

1-0700 
00310 
0-0370 
0-1380 

1-2660 

1-0440 
00150 
0*0240 
0-0990 

41-1 
1-9 
2-8 
4-4 

14-8 

Rye 

Maize 

0-0857 

1-1803 

1851:   Current  of  washed  air.*^ 

Sunflower - 

Tobacco  

00050 
0-0040 
00040 

01570 
01760 
01620 

0-1520 
01710 
0-1580 

31-4 
43-7 
40-5 

Tobacco . 

*  Becherches  Exp^rimentales  sur  la  Y^^^tation,  par  M.  Georges  Ville.    Puii, 


1863. 
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Tablb  v.— Cbn^MitMd 


Nitrogen— Omni. 

Nitrogen 

in 
Produeti 

tol 
Supplied. 

PX.AXTt. 

In  Seed, 
ftnd  Air ; 

ind 

Mannre, 

If  ftny. 

In 
Products. 

Oaln 

or 

Lees. 

1862:   Ovirrent  of  washed  air.* 


imn  Colza . 
sg  Wheat  . 

lower 

mer  Colza, 
mer  Colza. 


0-0480 
0-0290 
00160 
0-1730 
0-1060 


0-2260 
0-0660 
0-4080 
0-6960 
0-7010 


0-1780 
00360 
0-3920 
0-4220 
0-5960 


4-7 
2-2 
26-6 
3-4 
6-7 


1864 :   Cwrrent  of  washed  air  (under  superintendence  of  a  Commission). 


1 ... 

00099 
0-0038 
00039 

00097 
00630 
00110 

-00002 
0-0492 
00071 

1-0 

13-9 

2-8 

B 

1.... ...... 

64 :   Cktrrent  of  washed  air  {dosed^  under  superintendence  of  a  Chmmis8ion),f 


1866  and  1856:  In  free  air,  with  0-6  grams  Nitre  =0069  Niiroffen.X 


1..... 

0-0700 
00700 
00700 

0-0700S 
00660§ 
00680§ 

0-0000 
-0-0040 
-0-0020 

1 

1 

1-0 
0-9 
10 

I. 

I. 

1866  and  1866:  In  free  atr,  with  1  gram  Nitre  =0*138  NUrogen,X 


1 . 

0-1400 
0-1400 
0-1400 
01400 

0-19708 
0-3740g 
0-2160S 
0-2500§ 

00670 
0-2340 
00760 
0-1100 

1-41 
1-67 
1-64 
1-79 

i .--.-. 

i .... 

i 

1866:  In  free  air,  with  0*792  grams  Nitre  =0110  Nitrogen.* 


at 

0-1260 
0-1260 

0-21808 
0-2240g 

0-0920 
00980 

1-7 
1-8 

at 

1866 :  In  free  air,  with  172  grams  Nitre  =0*238  Nitrogen* 


1866:  In  free  air,  with  1*766  grams  Nitre  =0*244  Nitrogen.* 


it 

It 

0-2650 
0*2650 

0*21708 
0'3500§ 

-00480 
+  00850 

0-8 
1-3 

echerches  Exp^rimeDtales  sur  la  Y^g^tation,  par  M.  Qcorges  Yille.    Paris, 

txnpt  rend.,  1856.        |  Recherches  Ezp^rimentales  sur  la  Y^tation,  1867. 
a.  plants  only. 

Jour.  Soi.^Thibd  Sbrizs,  Yol.  XIII,  No.  74.— Fbb.,  1877. 
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We  have  already  discussed  the  results  of  M.  G.  Ville,  as  well 
as  those  of  others,  in  a  paper  published  in  the  Philosophical 
Transactions  for  1869,  and  in  a  somewhat  condensed  form  m  the 
Journal  of  the  Chemical  Society,  vol.  xvi,  1868 ;  and  we  can 
only  very  briefly  refer  to  them  in  this  place.  The  column  of 
actual  gain  or  loss  of  nitrogen  is  seen  to  show  in  one  case  a 
gain  of  more  than  one  gram  of  nitrogen  ;  the  amount  of  it  in 
the  products  being  more  than  forty-one  fold  that  supplied  as 
oomoined  nitrogen  in  the  seed,  and  air.  This  result  was  ob- 
tained with  colza.  Those  obtained  with  wheat,  rye,  or  maize, 
showed  very  much  less  of  both  actual  and  proportional  gain. 
Experiments  with  sunflower  and  tobacco  showed  a  less  actual 
gain  than  that  with  colza;  but  still  it  amounted  in  one  case, 
with  sunflower,  to  more  than  thirty,  and  in  two,  with  tobacco, 
to  more  than  forty-fold  of  that  supplied.  In  M.  G.  Ville's  ex- 
periments (as  a  glance  down  the  last  two  columns  in  the  table 
will  show),  although  he  still  had  generally  some  gain,  it  was 
usually  both  actually  and  in  proportion  to  the  quantity  sup- 
plied considerably  less  than  in  nis  earlier  ones. 

M.  G.  Yille  attributed  the  gain,  in  some  cases,  to  the  laige 
leaf-surfaca  In  explanation  of  the  assimilation  of  free  nitro- 
gen by  plants,  he  calls  attention  to  the  fact  that  nascent  hydro- 
gen is  said  to  give  ammonia,  and  nascent  oxygen  nitric  acid, 
with  free  nitrogen,  and  he  asks,  **  Why  should  not  the  nitro- 
gen in  the  juices  of  the  plant  combine  with  the  nascent  carbon 
and  oxygen  in  the  leaves  ?"  He  refers  to  the  supposition  of 
M.  De  Luca,  that  the  nitrogen  of  the  air  combines  with  the 
nascent  oxygen  given  oflF  by  the  leaves  of  plants,  and  to  the 
fact  that  the  juice  of  some  plants  (mushrooms)  has  been 
observed  to  ozonize  the  oxygen  of  the  air,  and  he  asks,  "Is it 
not  probable,  then,  that  the  nitrogen  dissolved  in  the  juices 
will  submit  to  the  action  of  the  ozonized  oxygen  with  which  it 
is  mixed,  when  we  bear  in  mind  that  the  juices  contain  alka- 
lies, and  penetrate  tissues,  the  porosity  of  which  exceeds  that 
of  spongy  platinum  ?" 

l^e  experiments  of  M.  Boussingault,  and  of  ourselves,  on 
the  other  hand,  have  not  given  an  affirmative  answer  to  the 
question  whether  plants,  by  their  leaves,  take  up  and  assimi- 
late free  nitrogen  of  the  air. 

M.  Boussingault  commenced  his  experiments  on  this  subject 
in  1887,  and  Table  VI,  which  follows,  summarizes  his  results, 
obtained  at  intervals  from  that  date  up  to  1858. 
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«MM  nhMtr  I-tanli  ainmHateJra  Mtrojm. 

SUiagta-BioBt. 

?!,*■«. 

m 

ProduoU. 

L^H. 

o-iioo 

0-11*0 
0-0430 
n-0670 

0-1200 
0-1580 
0  0400 
O'OBOO 

+  0  0100 
+  0'0420 
-0'0030 
+  0-0030 

109 
1-37 

0-83 
1-OG 

1838:   « 

•^mUmtOM 

in  1887.t 

0-0460 
0-0330 
006H0 

0-1010 
0'0&60 
0-0530 

+  0-0680 
+  00230 

2-20 
MO 
0-80 

■UfPbntt) 

■nd  '63:   WaAti  amd  ignited  pnmice  wiOi  luhea,  duUOed  vattr, 
Muler  gtau  ihade,  v»ek  Carhmii-^  AcULi 

UmUedalr 

-00008 

-00011 
—  00021 
-00018 
-0-0001 

0-S7 

D-8S 
0-90 

0-97 

0-0078 

0-oaio 

0024B 
00031 

00067 

00226 
0'0030 

•  Li^in 

f  Hsricot  .. 
e  Lupin 


OO4B0 

0  0483 

+  0-0003 

I 

0-1282 

0-1246 

-00036 

<l 

0-0349 

0'O339 

-0-0010 

(1 

0-0200 

00204 

+  00004 

1 

0-0398 

0-0397 

-00002 

1 

00354 

0-0360 

1 

00298 

0-0277 

-00021 

0 

0-0013 

0'0013 

00000 

1 

0-1827 

0-1 SB7 

-0-0130 

0 

u 

00196 
00322 
00335 
0-D33S 
00676 
00180 
00175 
0-0046 

00187 
0-0325 
00341 
0-0329 
0'06GS 
1 0-0334 
0-0062 

-00009 

+  0-n003 

+  0-OOOfi 
-00010 
-OOOIO 
-0'0021 
+  0-0006 

0.96 
101 

loa 

a'97 

0'99 
0.94 
1-13 
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Table  YL^Ocmtmued, 


Fhxwn. 

Nitrogen— Qmna.                 1 

MItrosM 

in 
Prodocli 

tol 
Supplied. 

InBeed, 
or  PUnts } 

and 

Manare, 

if  my. 

la 
Prodnctii. 

Oiln 
or 

LOM. 

1 851 ,  '52,  '53,  and  '54 :  Prepared  soU^  or  ptmnice  with  ashes  ;  diaUOed  wofer,  frm  or, 

under  glaaed  ease.* 


Haricot  (dwarf),  1851 

Haricot,  1852 

Haricot,  1853 

Haricot  (dwarf),  1854 
Lupin  (white),  1853.. 

Lupin,  1854 

Lupin,  1854 

Oats,  1852 

Wheat,  1853 

Garden  Cress,  1854  . . 


00349 

0-0380 

+  0-0031 

1-09 

00213 

00238 

+  0-0026 

1-12 

00293 

00270 

-0-0023 

092 

00318 

00350 

+  0-0032 

110 

00214 

0-0256 

+  0-0042 

1-20 

00199 

00229 

+  00039 

116 

00376 

00387 

+  0*0020 

1-06 

00031 

00041 

+  0-0010 

1*32 

0*0064 

00076 

+  00011 

1-17 

00259 

00272 

+  0-0013 

1-06 

1 858 :  Nitrate  of  Potaseiwn  as  Manure,^ 


HelianthuB 


I 


001441 
0*0265| 


0-0130 
00246 


—00014 
-00010 


0-90 
0*96 


M.  Boussingault*s  soils  consisted  of  burnt  soil,  washed  and 
ignited  pumice,  or  bunit  brick ;  his  experiments  were  some- 
times in  free  air,  sometimes  in  a  closed  vessel  with  limited  air, 
sometimes  with  a  current  of  washed  air,  and  sometimes  in  free 
air,  but  under  a  glass  case.  When  the  plants  were  enclosed,  a 
supply  of  carbonic  acid  was  provided,  and  in  a  few  cases 
known  quantities  of  nitre  were  supplied  as  manura 

The  last  two  columns  of  Table  VI  show   the  actual  and 

froportional  gain  of  nitrogen  in  M.  Boussingault*s  experiments, 
t  will  be  observed  that  in  his  earliest  experiments,  those  in 
free  air,  in  a  summer-house,  the  leguminous  plants,  trefoil  and 
peas,  did  indicate  a  notable  gain  of  nitrogen ;  but  in  all  his 
subsequent  experiments  there  was  generally  either  a  slight  loss, 
or,  if  a  gain,  it  was  represented  in  only  fractions,  or  low  units, 
of  milligrams.  After  twenty  years  of  varied  and  laborious 
investigation  of  the  subject,  M.  Boussingault  concluded  that 
plants  have  not  the  power  of  taking  up  and  assimilating  the 
free  nitrogen  of  the  atmosphere. 

Our  own  experiments  on  this  subject  were  commenced  in 
1857,  and  the  late  Dr.  Pugh,  of  the  Pennsylvania  State  Agri- 
cultural College,  devoted  between  two  and  three  years  to  the 
investigation  at  Rothamsted.  Mr.  Lawes  has  contributed  one 
complete  set  of  the  apparatus  employed  to  this  exhibition. 
The  arrangement,  and  the  results  obtained  up  to  that  date, 

♦  Ann.  Ch.  Phys.,  Ser.  HI,  xliii,  (1855).  {  Compt  rend.,  xlvii,  (1868). 

X  Nitrogren  in  seed  and  nitrate. 
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are  fully  described  in  the  papers  already  referred  to,  published 
in  the  Philosophical  Transactions  for  1869,  and  in  the  Journal 
of  the  Chemical  Society  in  1868.  They  may  be  briefly  de- 
scribed as  follows : — 

The  soils  used  were  ignited,  washed,  and  re-iffnited,  pumice, 
or  soil.  The  specially  made  pots  were  ignited  before  use,  and 
cooled  over  sulphuric  acid  under  cover.  The  pots,  with  their 
plants,  were  enclosed  under  a  glass  shade  resting  in  the  groove 
of  a  specially  made  hard-baked  glazed  stone-ware  lute-vessel, 
mercury  being  the  luting  material.  Under  the  shade,  through 
the  mercury,  passed  one  tube  for  the  admission  of  air,  another 
for  its  exit,  and  another  for  the  supply  of  water  or  solutions  to 
the  soil ;  and  there  was  an  outlet  at  the  bottom  of  the  lute- 
vessel  for  the  escape  of  the  condensed  water  into  a  bottle 
affixed  for  that  purpose,  from  which  it  could  be  removed  and 
returned  to  the  soil  at  pleasure.  A  stream  of  water  being 
allowed  to  flow  into  a  large  stone-ware  WolflTs  bottle  (other- 
wise empty),  air  passed  from  it  through  two  small  glass  WolfTs 
bottles  containing  sulphuric  acid,  then  through  a  long  tube 
filled  with  fragments  of  pumice  saturated  with  sulphuric  acid, 
and  lastly  through  a  WolfTs  bottle  containing  a  saturated  solu- 
tion of  ignited  carbonate  of  soda;  and,  after  being  so  washed, 
the  air  enters  the  glass  shade,  from  which  it  passes,  by  the  exit 
tube,  through  an  eight  bulbed  apparatus  containing  sulphuric 
acid,  by  which  communication  with  the  unwashed  external  air 
is  prevented.  Carbonic  acid  is  supplied  as  occasion  may  re- 
quire, by  adding  a  measured  quantity  of  hydrochloric  acid  to 
a  bottle  containing  fragments  of  marble,  the  evolved  gas  being 
passed  through  one  oi  the  bottles  of  sulphuric  acid,  through 
the  long  tube,  and  through  the  carbonate  of  soda  solution, 
before  entering  the  shade. 

It  will  be  observed  that,  by  the  arrangement  described,  the 
washed  air  is  forced,  not  aspirated,  through  the  shade,  and  the 

f>ressure  being  thus  the  greater  within  the  vessel,  the  danger  of 
eakage  of  unwashed  air  from  without  inward  is  lessened.  In 
1867,  twelve  sets  of  such  apparatus  were  employed  ;  in  1858  a 
lai^er  number,  some  with  larger  lute-vessels,  and  shades;  in 
1859  six,  and  in  1860  also  six.  The  whole  were  arranged,  side 
by  side,  in  the  open  air,  on  stands  of  brick-work,  as  described 
in  the  papers  referred  to,  and  shown  in  the  apparatus  exhibited. 
Drawings  of  some  of  the  plants  grown  were  also  exhibited,  and 
the  published  results  are  summarized  in  Table  VII. 
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Table  YTL^Summary  of  the  BemdtB  of  ExperimentB  made  ai  RoUumuied,  to  debt- 
mine  whether  Planti  aeeimikUe  Free  Ntirogem. 


Nitrogen— OnuDft. 

NltrotflB 

In 
Prodocti 

tol 
6a|»plted. 

In  Seed, 

and 

Mannre, 

If  any. 

In 

Plants. 

Potsnd 

BoU. 

Gain 
or  Loia. 

WUh  NO  combined  Nitrogen  eupplied  beyond  thai  in  the 


Graminee.  ..^ 


(Wheat... 

1857.^  Barley... 

( Barley... 

(Wheat... 

1858.  •?  Barley.. - 

(  Barley 


1858.  (Wheat.. - 
,  A*    (Oats 


Legmnino8».  * 


1867. 
1858. 


Other  Plants.     1858 


■I 
•I 


BeaDB  ... 

Beans 

Peas 


Buck 
Wheat 


(• 


0-0080 
0-0056 
00056 

0-00T2 
0-0072 
0-0082 

-0*0008 
+  0-0016 
+  00026 

0-0078 
00057 
0-0063 

0-0081 
00068 
0-0056 

+  0-0003 
+  0-0001 
-0-0007 

00078 
00064 

0-0078 
0-0063 

00000 
-00001 

0-0796 

0*0791 

-00006 

00750 
0-0188 

0-0767 
0*0167 

+  00007 
-0-0021 

0-0200 

00L82 

-0-0018 

0-90 
Ml 
1-46 

1-04 
1-02 
0-89 

1-00 
0-98 

0-99 

1-01 
0-89 

0-91 


With  combined  Nitrogen  etippUed  beyond  thai  in  the  seed  eovm. 


1857. 


r  Wheat... 
Wheat... 

Barley 

Barley 


GramineiB.  ..^  isss.i  BSfey::: 

(Oats 

(Wheat... 

1818 J  Barley... 

A*    (Oats 


LeguminossB 


f  1858. 1 


Peas 

Clover  .. 


1858.    Beans  .. 
A* 


Other  Plants.     1858 


j  Buck    ) 
•  I  Wheat  S  ' 


0*0329 
0-0329 
00326 
0-0268 

00548 
0-0496 
0*0312 

00268 
00257 
00260 

0*0227 
00712 

00711 


0-0308 


0-0383 
00331 
0*0328 
0*0337 

+  0*0054 
+  00002 
+  0-0002 
+  0-0069 

00536 
00464 
0*0216 

-0-0012 
-0-0032 
-0-0096 

0*0274 
00242 
0*0198 

+  0-0006 
-00016 
—0-0062 

0*0211 
00665 

-00016 
-0-0047 

00655 

-0-0056 

00292 

-00016 

1-16 
1-01 
1-01 
1-25 

0-98 
0-94 
069 

1-02 
0-94 
0-76 

0-93 
0-93 

0-92 


0-95 


The  upper  part  of  the  table  shows  the  results  obtained  in 
1857  and  1858  in  the  experiments  in  which  i  o  combined 
nitrogen  was  supplied  beyond  that  coninined  in  the  seed  sown. 
The  drawings  snow  how  extremely  restricted  was  the  growth 
under  these  conditions,  and  the  figures  in  the  table  show  that 
neither  with  the  Graminese,  the  Leguminosae,  nor  with  buck- 
wheat, was  there  in  any  case  a  gain  of  three  milligrams  of 

*  These  experiments  were  conducted  in  the  apparatus  of  M.  G.  YiUa 
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gen  indicated.     lu  most  cases  there  was  much  less  sain 
this,  or  a  slight  loss.     There  was  in  fact  nothing  in  these 
ts  to  lead  to  the  conclusion  that  either  the  GraminesB,  the 
minossB,  or  the  buckwheat  had  assimilated  free  nitrogen, 
le  lower  part  of  the  table  shows  the  results  obtained  in 

and  1868,  in  the  experiments  in  which  the  plants  were 
lied  with  known  quantities  of  combined  nitrogen  in  the 

of  a  solution  of  ammonium  sulphate  applied  to  the  soil, 
gains  or  losses  range  a  little  higher  in  tnese  experiments, 
Inch  larger  quantities  of  nitrogen  were  involved,  but  they 
ilways  represented  by  units  of  milligrams  only,  and  the 
s  are  higher  than  the  gains.  Further,  the  gains,  such  as 
are,  are  all  in  the  experiments  with  the  Graminesa,  while 
i  is  in  each  case  a  loss  with  the  Leguminosae,  and  with  the 
iwheat  On  this  point  it  should  be  stated  that  the  growth 
far  more  healthy  with  the  Gramineae  than  with  the  Legu- 
«»,  which  are  even  in  the  open  fields  very  susceptible  to 
vicissitudes  of  heat  and  moisture,  and  were  found  to  be 
3mely  so  when  enclosed  under  glass  shades.  It  might  be 
jted,  therefore,  that  the  n^ative  result,  with  the  Legumi- 
)  are  not  so  conclusive  as  those  with  the  GraminesB.     How- 

this  may  be,  taking  the  results  as  thev  stand,  there  is 
ing  whatever  in  them  to  lead  to  the  conclusion  that  either 
^raminesB  or  the  Leguminosae  can  take  up  and  assimilate 
ree  nitrogen  of  the  atmosphera  We,  indeed,  do  not  hesi- 
Lo  conclude  from  our  own  experiments,  as  Boussingault 
rom  his,  that  the  evidence  is  strongly  against  the  supposi- 
that  plants  can  so  avail  themselves  of  the  free  nitrogen  of 
tmosphera 

dependently  of  the  action  suggested  as  possible  by  M.  G. 
f,  tnat  is  between  free  nitrogen  and  nascent  or  ozonized 
[en  within  the  plant  itself,  it  nas  been  supposed  that  the 
nitrogen  of  the  atmosphere  may  unite  with  the  nascent 
;eu,  or  ozone,  as  the  case  may  be,  evolved  by  the  plant, 
io  ^ield  nitric  acid.     In  our  papers  above  referred  to  we 

given  reasons  for  supposing  that  such  actions  are  not 
y  to  take  place ;  but  whether  they  do  or  do  not,  it  is  at 
rate  certain  that  in  our  own  experiments  we  have  not  been 
to  persuade  plants  to  avail  themselves  of  this  happy 
ty  of  producing  their  own  nitrogenous  food.  With  regard 
e  action  supposed  possibly  to  take  place  externally  to  the 
.  itself,  if  it  were  in  any  material  degree  operative,  we 
Id  expect  some,  at  least,  of  the  resulting  combined  nitro- 
to  be  collected  in  the  aqueous  deposits  from  the  atmos- 
j;  but  we  have  seen  how  inadequate  is  the  amount  of 
>ined  nitrogen  in  those  deposits  to  account  for  the  yield  of 
gen,  even  of  the  Gramineas,  and  still  less  can  it  satisfac- 
r  explain  the  yield  in  the  Leguminosae  and  other  planta 

[To  be  oontinuecL] 
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Art.  XIL— On  the  Orbit  of  the  planet  Urda  (167) ;  by  C.  R  F. 

Petebs. 

This  planet  was  discovered  as  a  star  of  12th  magnitude  on 
August  28th  ult.,  and  the  observations  obtained,  after  applying 
corrected  star  positions,  are  the  following,  each  being  the  mean 
from  twelve  comparisons  by  ring-micrometer. 

1876. 

Aug.  28, 

"     30, 
Sept.  12, 

"     16, 

It  seems  that  the  plaoet  has  not  been  seen  anywhere  else; 
and  the  orbit  therefore  had  to  be  evolved  from  the  foregoing 
observations  alone,  however  unequally  distributed  over  an  in- 
terval of  only  eighteen  days.  I  succeeded  by  computing  first 
a  circular  orbit  which  served  for  freeing  the  observations  from 
aberration  and  parallax,  and  then  using  of  the  eight  data  the 
four  longitudes  and  the  two  extreme  latitudes.  The  final 
ellipse  arrived  at  is  the  following: 

Epoch,  1877,  Jan.  0*0  Berlin  m.  t 

L=317°  43'  27-4". 

;r=  32**  39'  22-2"+60  24"  (t.  -1876). 
ftzzUO**     7'  26-4"+49-26"  (t.  -1876). 
«=     1**  42'  14-5"-   0-47"  (t. —1876). 
^=   18°  10'  30-6". 
/i=614-476". 
log  a=0-507668. 

Of  these  elements,  three,  viz.,  node,  inclination  and  major 
axis,  bear  a  remarkable  resemblance  to  those  of  Gerda  (122). 
Moreover,  the  element  of  the  excentricity,  as  it  is  derived  from 
so  short  an  arc  in  our  orbit,  remains  necessarily  very  uncertain. 
The  same  is  the  case,  though  in  less  degree,  and  for  the  same 
reason,  with  the  position  of  the  apsides,  or  the  longitude  of  peri- 
helion. Only  the  remaining  6th  element,  therefore,  can  decide, 
whether  the  two  planets  are  identical.  Now,  for  the  same  epoch 
we  have  for  Gerda  L=168°  46',  and  as  the  correctness  of  Mr. 
Stock  weirs  computations  of  Gerda  are  fully  confirmed  by  ob- 
servations upon  this  planet  made  at  Berlin  in  April  lastjl  it  is 
proved  that  tlrda  is  distinct  from  Gerda. 

The  fact  of  two  planets  moving  in  the  same  plane,  with  the 
same  time  of  revolution,  having  also  the  line  of  apsides  in  com- 
mon (our  elements,  if  correct,  show  a  longitude  of  perihelion 
nearly  180°  distant  from  Gerda's),  but  with  a  widely  different 
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excentricity,  is  worthy  of  note.  And  it  is  therefore  still  more 
desirable,  that  Urda  should  not  pass  unnoticed  in  its  next 
opposition,  which  will  occur  in  January,  1878,  and  when  the 
pianet  will  be  of  the  12'7  magnitude 

litdifleld  ObBenratory  of  Hamilton  College,  Jan.  6,  1877. 


Abt.  XIII — Principles  of  Compensation  in  Chronometers;   by 

J.  B.  James,  M.D.,  Trenton,  N.  J. 

**  For  one  to  know,  is  nothing,  unless  others  also  may  know," 
is  an  aphorism  of  modem  progressive  science ;  for  it  is  only 
from  what  has  been  attained  that  step  by  step  further  progress 
may  be  made.  This  it  is  which  impels  the  writer  to  ofi'er  some 
considerations  on  the  principles  of  compensation  in  chronome- 
ters. 

It  may  be  assumed  as  an  axiom  of  general  application,  that 
an  error  should  be  avoided  whenever  it  is  possible,  rather  than 
compensated ;  yet  this  plain  axiom  is  disregarded  in  the  com- 
pensation balance,  in  two  respects. 

1st  What  is  the  action  of  the  laminated  rim  as  affected  by 
change  of  temperature?  The  end  of  the  arm  is  commonly  re- 
gard^ as  a  fixed  point,  which  it  is  not;  for  its  distance  from 
the  center  is  changed  by  change  of  temperature ;  and  whatever 
weight  is  here,  if  its  distance  from  the  center  is  changed,  that 
change  must  be  compensated  at  the  other  end  of  the  segment ; 
and  therefore  this  is  not  the  place  for  mean-time  screws ;  while 
between  these  two  ends  of  the  segment,  there  must  be  a  point 
whose  distance  from  the  center  undergoes  little  or  no  change, 
and  where  its  weight  requires  no  compensation  for  change  of 
temperature.  This  point  of  uniform  distance  from  the  center, 
when  ascertained,  should  therefore  be  regarded  as  the  fixed 
point;  and  if  the  compensation  required  were  only  for  the 
changes  in  the  balance  itself,  it  would  be  absolutely  perfect ; 
for  as  the  one  end  of  the  segment  recedes  from  the  center,  the 
other  approaches  it — the  one  merely  taking  the  place  of  the 
other;  and  this  would  be  in  effect  true  whether  the  ends  were 
equidistant  from  the  fixed  point  or  not — the  longer  segment  re- 
(]uiring  only  the  less  weight.  It  is  the  attempt  to  compensate, 
in  the  balance,  for  changes  in  the  length  and  elasticity  of  the 
spring  that  creates  the  necessity  for  a  secondary  compensation. 

This  principle  of  compensation  for  temperature  has  beeriprac- 
ticed  in  the  pocket  chronometer,  with  marked  success,  by  Henry 
B.  James,  of  Trenton  N.  J.,  for  some  years.  He  attaches  the 
outer  end  of  the  balance  spring  to  the  elastic  arm  of  a  laminated 
convolute,  which,  at  the  same  time  that  it  compensates,  more  or 
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less,  for  changea  in  the  spring,  permits  a  more  free  movement 
of  the  balance  ;  while,  parting  the  rim  of  a  balance  having 
equal  thicknesses  of  brass  and  steel  in  its  structure,  at  a  dis- 
tance of  one-sixth  of  its  circumference  from  the  arm,  he 
assumes  the  middle  of  the  longer  portions,  and  the  free  ends  of 
the  shorter,  as  places  where  weight  requires  no  compensation, 
the  longer  portions  carrying  on  their  free  ends  only  a  moderate 
weight  for  the  compensation  needed. 

2d.  The  work  performed  by  the  balance  near  its  center  of 
motion  is  a  source  of  error  that  has  been  generally  neglected 
It  is  a  settled  principle  of  dynamics,  that  "if  a  body  revolving 
on  an  axis  strike  an  immovable  obstacle  at  the  center  of  percus- 
sion^ the  point  of  suspension  will  not  be  affected  by  it ;'  while 
*'if  the  blow  be  strucK  in  any  other  point,  a  part  of  its  motion 
will  be  employed  in  endeavoring  to  continue  the  motion."  Thus 
if  we  take  into  the  hand  at  one  end  a  club  of  uniform  thickness, 
and  by  a  motion  from  the  wrist  as  a  center  strike  an  obstacle  at 
a  distance  of  one-third  its  length  from  the  other  end,  the  hand 
feels  no  effect  I'rom  the  blow  ;  but  if  it  be  struck  by  any  other 
point,  the  hand  will  receive  a  part  of  the  blow, — ^greater  as  it  is 
further  from  the  point  named.  Now  the  "center"  or  line  of  pe^ 
cussion  of  a  balance  is  in  or  near  the  rim,  and  the  resistance  to 
its  motion,  by  means  of  the  spring  and  escapement,  is  near  its 
center;  and  the  force  thus  lost,  as  to  the  movement  of  the 
spring  and  escapement,  is  transmitted  to  the  pivots  of  the  bal- 
ance as  useless  friction.  The  errors  arising  from  the  relative 
positions  and  directions  of  these  forces  and  that  of  gravitation, 
and  the  changes  therein  from  change  of  position  or  latitude, 
from  the  density  of  the  air  and  the  space  in  which  the  balance 
moves,  varying  friction  from  the  oil,  lurches  on  shipboard  or 
jolts  in  the  pocket,  and  from  the  different  rates  of  expansion  of 
metals  as  they  affect  the  friction  of  the  balance  or  pivots  or  the 
working  of  the  escapement — these  furnish  a  problem  to  ascertain 
or  compensate  their  average  effects,  sufficiently  complicated  to 
account  for  the  little  progress  that  has  been  made  in  perfecting 
the  chronometer.  For  however  small  may  be  their  effects  on  a 
single  movement  of  the  balance,  when  it  is  multiplied  by  four- 
teen to  eighteen  thousand  for  every  hour,  or  three  or  four  hun- 
dred thousand  in  twenty  four  hours,  they  become  so  readily 
appreciable  as  to  deserve  attention  and  amelioration. 

Now  if  we  can  remove  from  the  balance  pivots  this  intermit- 
tent and  useless  friction,  leaving  only  its  own  greatly  reduced 
and  uniform  amount,  unchanged  by  change  of  position  or 
temperature,  a  balance  of  greater  momentum  could  be  substitu- 
ted, which,  in  a  proportionate  degree  would  lessen  the  effect  of 
the  remaining  sources  of  error,  and  this,  it  is  believed,  can  be 
accomplished  by  simple  and  practicable  mechanism. 
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Abt.  XIV. — Notes  on  the  Vespertine  Strata  of  Virginia  and  West 

Virginia ;  by  William  M.  Fontainb. 

(Concluded  from  page  48.) 

Vespertine  of  Augusta  and  Rockingham  Counties. 

Mj  principal  examinatioDs  in  this  quarter  were  made  at 
"North  River  Gap,"  in  the  northern  comer  of  Augusta  county, 
in  the  '*Dora  Coal  Field."  In  this  part  of  the  State  the  eastern 
edge  of  a  fractured  portion  of  the  Vespertine  area  seems  to 
have  been  pressed  down  against  the  massive  Lower  Silurian 
limestone,  along  the  line  oi  fault  which  runs  on  the  west  side 
of  the  "Valley  of  Virginia."  This  has  resulted  in  the  overturn 
of  the  strata  westward,  and  the  catching  of  a  narrow  synclinal 
belt  of  the  middle  member  under  the  massive  sandstones  of 
the  lower  portion.  These,  by  their  resistance  to  erosion,  have 
preserved  from  removal  the  more  destructible  strata  of  the  coal- 
bearing  rocks,  and  standing  up  in  huge  ribs,  form  the  core  of 
the  Great  North  Mountain,  here  called  locally,  "Narrow  Back." 
As  might  be  expected,  especially  in  the  mountain  itself,  the 
amount  of  contortion  and  crushing  is  immense. 

The  sandstones  are  changed  to  quartzites,  with  all  granular 
structure  obliterated.  The  shales  which  contain  the  coal,  from 
their  more  yielding  nature,  have  suffered  most.  Where  they 
are  exhibited  in  the  western  face  of  the  mountain,  they  are 
thrust  through  the  coal  seams,  and  wrapped  in  the  most  com- 
plicated contortions.  In  places  they  seem  to  have  been  drenched 
with  water  holding  silica  in  solution.  They  sometimes  contain 
lumps  and  strings  of  quartz,  deposited  by  such  waters.  Yet 
with  all  this,  they  are  true  shales,  being  rendered  only  more 
compact  and  harder.  This  is  another  striking  example  of  the 
difference  in  the  amount  of  metamorphic  action,  produced  in 
sandstones  and  shales,  when  subjecteu  to  the  same  influences, 
and  of  the  insufficiency  of  mechanical  disturbance  to  produce 
more  than  the  first  stages  of  metamorphism. 

The  convoluted  and  disturbed  strata  of  the  mountain  dip 
southeast  at  a  high  angle.  After  passing  it  to  the  west,  the  dip 
flattens  rapidly,  and  while  the  rocks  of  the  mountain  are  in- 
verted, we  now  find  them  in  their  normal  position.  We  may 
compare  the  structure  of  the  belt  to  a  fish-hook,  with  its  shank 
turned  westward,  the  bend  representing  the  mountain.  The 
material  of  the  hook  would  represent  the  sandstones  of  the 
lower  Vespertine,  while  we  may  conceive  the  middle  member 
with  its  coals  as  filling  the  curve,  and  resting  upon  the  shank. 
It  will  thus  be  seen  that  the  number  of  coal  beds  will  be 
doubled  by  overlap  in  the  west  face  of  the  mountain.     The 
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strata  have  suffered  much  from  erosion,  and  show  only  the 
lower  and  middle  members.  It  is  however  by  no  means  certain 
that  the  upper  member  of  red  shales  was  ever  present.  The 
increase  in  the  coarseness  and  amount  of  the  sanostones  under- 
lying the  coal  strata  seems  rather  to  indicate  its  former  absence. 
No  limestone  appears  here. 

I  did  not  make  a  complete  section  at  this  point  of  the  strata 
supposed  to  represent  the  Catskill.  Enough  however  was  seen 
to  show  that  red  shales  appear  here  at  the  same  horizon  as  at 
Lewis  Tunnel,  but  the  amount  is  not  so  great,  and  they  are 
now  changed  to  red  argillaceous  flags.  The  upper  members 
here  are  somewhat  massive  liver-colored  sanastones,  which 
graduate  upward  into  the  white  sandstones  of  the  lower  Vesper 
tine.  The  Catskill  ?  strata  seem  to  be  considerably  thicker  in 
this  region  than  at  Lewis  Tunnel 

The  sandstones  of  the  lower  member  of  the  Vespertine  cannot 
be  separated  by  any  distinct  dividing  line  from  the  above  men- 
tioned rocks.  But,  assuming  for  their  base  the  strata  which  do 
not  show  a  predominance  of  the  red  color,  they  show  a  thick- 
ness of  about  400  feet.  All  are  highly  siliceous,  and  lie  in  pretty 
massive  beds.  No  dividing  line  can  be  drawn  in  this  mass  ot 
rock,  but  a  gradual  change  may  be  traced.  At  the  base  it  is 
brownish  gray,  then  gray,  and  finally  while,  passing  near  the 
top  into  gray  flags.  The  white  portion  is  about  200  feet  thick, 
being  mainly  a  massive  quartzite,  but  showing  in  the  lower 
portion  some  conglomerate  bands.  Over  the  above  mentioned 
rocks  are  about  40  feet  of  gray  flags,  in  the  top  of  which  is  the 
lowest  coal  bed.  This  stratum  may  be  taken  as  the  lower  por- 
tion of  the  middle  member.  The  following  is  the  section  from 
the  lowest  coal  ascending  to  the  highest : 

1.  Black  siliceous  shales,  (floor).  6.  Black  siliceous  shale,  4  feet 

2.  Coal,  18  inches.  7.  Sandstone,  1  foot. 

3.  Argillaceous  sandstone,  4  feet.  8.  Black  shale,  6  feet. 

4.  Black  siliceous  shale,  6  inches.  9.  Coal,  2-2^  feet. 

5.  Sandstone,  8  inches.  10.  Black  siliceous  shale,  12  ft 

No.  2  is  very  impure,  and  where  it  is  best  has  several  part- 
ings of  shale.  It  is  very  variable  in  the  amount  of  coal,  and 
often  runs  almost  entirely  into  shale.  No.  6  has  some  thin 
strings  of  coal,  as  is  the  case  with  No.  8.  No.  9  is  the  most 
constant  bed,  and  has  the  largest  amount  of  clear  coal.  In  the 
top  of  No.  10  a  few  thin  strings  of  coal  sometimes  occur. 

The  remaining  rocks  above  No.  10  are  gray  and  bluish-gray 
sandy  shales,  showing  in  some  places  abundant  plant  impres- 
sions. The  exposures  are  too  poor  to  allow  any  approximation 
to  their  thickness. 

The  coal  here  is  a  true  anthracite,  of  pretty  good  quality. 
Attempts  have  been  made,  from  time  to  time,  to  work  it,  but 
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without  success.  The  large  amount  of  carbon  in  some  of  the 
shale  immediately  associated  with  the  coal,  its  highly  glazed 
aspect  (from  friction),  and  the  intimate  manner  in  which  it  is 
mixed  with  the  true  coal,  have  led  to  an  exaggerated  estimate 
of  the  thickness  of  the  beds.  This  mistake  was  aided  by  the 
imperfect  manner  in  which  the  coal  was  exposed  in  the  out- 
crops. From  these  causes  I  was  myself  led,  some  two  years 
ago,  on  my  first  visit  to  the  place,  to  think  the  amount  oi  coal 
greater  than  it  has  proved  to  ba  Gf  late  the  somewhat  exten- 
sive exploration  made  in  this  field  by  the  Royal  Land  Co.,  of 
Virginia,  has  demonstrated  that  the  amount  of  coal  is  too  small, 
and  its  crushing  too  great,  to  render  it  of  commercial  value. 

Hie  Vespertine  strata  in  Montgomery  County, 

I  have  not  had  the  good  fortune  to  procure  a  copy  of  Prof. 
Lesley's  "  Description  of  the  South  Virginian  Coal  llegion  of 
Montgomery  and  Wythe  counties,"  published  in  vol.  ix,  Proc. 
Am.  Phil.  Soc.  No  doubt  this  would  have  aided  me  greatly 
in  my  study  of  the  Vespertine  of  Montgomery,  to  which  my 
investigations  were  confined. 

The  Vespertine  strata  in  Montgomery  county  occupy  two 
distinct  areas,  which  require  separate  descriptions.  The  most 
important  of  these  is  the  narrow  tract  lying  on  the  northern 
side  of  the  ^reat  fault,  which  passes  just  south  of  Brush  Moun- 
tain. This  IS  but  the  continuation,  to  the  south,  of  the  belt  just 
described  in  Augusta  county. 

The  smaller  area  lies  about  two  miles  south  of  Brush  Moun- 
tain, from  which  it  is  separated  by  a  narrow  belt  of  Lower 
Silurian  limestone,  and  about  two  and  a  half  miles  northwest 
of  Christiansburg.  This  small  area,  so  far  as  I  know,  has  never 
received  the  notice  that  it  deserves.  Prof.  Rogers  simply 
speaks  of  it  as  an  outlier  of  Vespertine,  similar  in  character  to 
tnat  of  Brush  Mountain.  But  little  was  known  of  it  then,  and 
even  up  to  the  late  war,  when  its  coals  were  examined  and 
worked  to  some  extent.  Since  then  the  good  quality  and 
thickness  of  the  beds,  as  well  as  the  ease  with  which  they  may 
be  worked,  have  led  to  their  farther  development 

The  structure  of  this  field,  which  bears  the  name  of  Price's 
Mountain,  is  one  of  the  most  curious  products  of  the  force 
which  has  produced  the  numerous  faults  in  this  region.  It  is  a 
belt,  with  an  anticlinal  structure,  about  seven  miles  long,  and 
2i  wide,  running  nearly  east  and  west,  (more  accurate!}'',  10°  N. 
of  E.). 

The  maps  of  Virginia  show  a  mountain  chain,  under  the 
name  Alleghany,  running  by  Christiansburg  in  a  northerly 
direction,  to  meet  Brush  Mountain.  This  is  merely  a  water- 
shed, and  does  not  appear  above  the  surrounding  country  as 
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mountaiD.  The  eastern  end  of  the  Vespertine  belt  in  question 
is  found  in  this  watershed.  From  that  point,  where  the  strata 
stand  at  the  general  level  of  the  country,  they  run  nearly  in  a 
westerly  direction  toward  New  Eiver,  and  pass  about  2^  miles 
northwest  of  Christiansburg.  The  strata  of  the  eastern  end  are 
the  red  marlites  of  the  upper  member.  In  passing  westward 
they  begin  to  rise  into  an  anticlinal  elevation,  which  soon 
attains  the  height  of  about  800  feet,  which  height  is  maintained 
for  about  8i  miles,  showing  a  continuous  ridge.  This  portion 
bears  the  name  of  Price's  Mountain.  Farther  west,  toward  the 
river,  the  ridge  is  broken  up  into  hills,  and  then  finally  disap- 
pears before  tlie  stream  is  reached.  I  am  informed  that  no 
trace  of  the  strata  is  to  be  found  west  of  New  River,  where  the 
rock  is  all  limestone. 

As  the  ridge  rises  in  passing  west,  the  coal-bearing  strata  of 
the  middle  member  begm  to  appear  through  the  red  marlites, 
and  where  it  is  highest,  the  upper  part  of  the  lower  member 
appears  in  the  crest  In  this  portion  the  coals  are  worked. 
Here  we  find  the  red  marlites  forming  an  outer  band  on  each 
side  of  the  ridge,  and  cut  off  abruptly  north  and  south  by  the 
Lower  Silurian  limestone,  which  also  sweeps  around  the  eastern 
end.  The  coal  strata  occupy  the  foot,  and  reach  some  distance 
up  the  slope,  on  each  side.  The  field  seems  to  be  a  prism  of 
Vespertine  strata,  engulfed  by  a  double  fault  in  the  limestone, 
with  its  eastern  end  tipped  lower  than  the  middle  and  western 
portions.  The  dip  of  course  is  nearly  north  and  south,  away 
irom  the  crest,  and  toward  the  limestone. 

The  amount  of  contortion  and  rubbing  exhibited  by  the 
strata  is  surprisingly  small.  The  roof  and  floor  of  the  openings 
made  are  as  uniform  and  smooth  as  those  of  our  upper  coals  of 
the  West.  As  a  consequence,  the  coal  is  worked  with  ease, 
and  unlike  that  of  Brush  Mountain,  two  miles  off,  shows  but 
little  rubbing,  and  may  be  taken  out  in  blocks  of  any  size. 
There  are  two  beds  here  as  in  Brush  Mountain,  being  evidently 
the  same.  The  amount  of  slate  partings  is  however  smaller  in 
Price's  Mountain,  and  the  coal  thicker. 

As  the  middle  member  containing  the  coal  beds  is  evidently 
similar  to  that  exposed  in  Brush  Mountain,  while  the  exposure 
here  is  not  so  good,  the  section  of  it  taken  in  that  mountain 
will  suffice  for  both  localities.  The  same  may  be  said  of  the 
lower  member.  The  upper  red  beds  however  are  much  better 
displayed  here,  and  the  section  of  them,  taken  from  the  north- 
ern foot  of  Price's  Mountain  northward  to  the  limestone,  will 
be  given  as  a  representative  one.  We  find  here  these  rocks 
well  exposed,  with  a  steady  northward  dip,  until  they  are  sud- 
denly cut  off  by  the  limestone. 

Tne  dip  on  the  north  side  is  somewhat  steeper  than  on  the 
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south  side,  being  in  the  former  case  80^  N.N.W.,  and  in  the 
latter,  26°  S.S  E.  The  coal  of  the  upper  bed  on  the  north  side 
is  somewhat  thicker  than  that  on  the  south  sida  The  lower 
bed  is  essentially  the  same  on  both  sides.  The  lower  bed 
everywhere  averages  about  two  feet.  It  is  enclosed  in  gray 
flags,  and  separated  from  the  upper  by  about  forty  feet  of  the 
same  kind  of  rock. 

An  average  section  for  the  upper  bed  on  both  sides,  is  as  fol- 
lows, commencing  at  the  top: 

1.  Black  slate,  (roof).  5.  Slate,  1  inchea 

2.  Coal,  12  inches.  6.  Coal,  10  inches. 
8.  Slate,  12  inches.  7.  Slate,  (floor). 

4.  Coal,  2^  feet. 

No.  4  sometimes  runs  up  to  three  feet,  and  the  other  layers  of 
coal  show  occasionally  an  increase  of  several  inches  in  thickness. 
The  following  section,  omitting  details,  will  give  the  char- 
acter of  the  red  upper  member,  commencing  below : 

1.  Interstratiflcation  of  brown  sandstone,  and  red  shale,  50  feet. 

2.  Red  and  mottled  marlites,  with  some  brown  sandstone,  440  ft. 
8.  Thinly  fissile,  red  shales,         "       **         "  "        600  feet. 

A  r^ular  change  may  be  traced  in  the  character  of  these 
sediments.  No.  1  and  iHo.  2,  in  the  lower  portion,  have  a  larger 
proportion  of  sandstone.  But  in  the  greater  portion  of  No.  2, 
especially  the  middle  and  upper  parts,  and  in  all  of  No.  3,  the 
sandstone  appears  only  in  occasional  beds.  The  lower  portion 
of  No.  2  is  oiten  mottled  with  spots  and  streaks  of  gray  and 
^reen.  The  indications  are  that  the  strata  were  deposited  dur- 
iDff  a  steadily  progressing  subsidence. 

This  thickness  of  1090  feet  of  red  shales  and  marlites  is  sud- 
denly cut  oflF  on  the  northern  side,  by  the  Lower  Silurian  lime- 
stone, which  throughout  this  region  has  a  southeast  dip,  and 
shows  a  considerable  amount  of  alteration.     No  remnant  of  the 
Lower  Carboniferous,  or  Lewisburg  limestone,  is  seen  here,  and 
if  it  were  ever  present,  it  has  been  removed  by  erosion.     It  is 
clear  that  this  mass  of  red  strata  was  deposited  prior  to  this 
limestone,  if  it  were  ever  formed  here.     In  any  case  we  would 
have  a  great  development  of  the  upper  member,  as  compared 
with  the  same  near  Lewis  Tunnel,  and  this  agrees  well  with  the 
development  of  the  two  underlying  members  in  this  region. 

I  am  inclined,  however,  to  think  that  all  of  these  beds  were 
not  deposited  before  the  limestone.  The  increasing  fineness  of 
the  upper  portion  No.  8,  and  other  indications  that  this  part  was 
formea  in  comparatively  deep  and  quiet  waters,  make  it  quite 
probable  that  No.  8  is  the  representative  here  of  the  limestone. 
So  far  as  I  know  the  limestone  has  been  seen  by  no  one  so  far 
to  the  east     The  sudden  cutting  off  of  the  Lower  Carboniferous 
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limestone  by  faults  in  its  most  easterly  known  exposures,  renders 
it  difficult  to  draw  any  conclusions  from  a  change  of  thickness. 

Brush  Mountain  lies  to  the  north  of  Price's  Mountain,  and  is 
separated  from  it  by  a  belt  of  Lower  Silurian  limestone  about 
li  miles  wide.  Its  structure  is  very  simple.  The  northern 
foot  is  composed  mainly  of  Chemung  strata,  while  the  central 
mass  is  formed  of  the  lower  member  of  the  Vespertine,  which 
extends  some  distance  down  the  southern  slope.  A  portion  of 
the  southern  face  and  foot  of  the  mountain  is  composed  of  the 
middle  or  coal-bearing  member,  while  a  band  of  red  rocks 
belonging  to  the  upper  member  forms  the  foot-hills  next  to  the 
limestone  belt.  By  the  great  feult,  mentioned  before  as  run- 
ning on  the  western  side  of  the  valley  of  Virginia,  this  mass  of 
strata  has  been  brought  down  so  as  to  abut  against  the  Lower 
Silurian  limestone.  Though  there  has  been  no  overturn  of  the 
strata,  yet  some  slight  nhifting  of  the  beds  has  been  produced, 
causing  a  considerable  amount  of  rubbing  and  crushing.  This 
has  made  itself  felt,  especially  in  the  coal,  which  in  consequence 
is  much  more  fractured  and  rubbed  than  that  of  Price's  Moun- 
tain, yet  by  no  means  so  much  so  as  that  of  Augusta  and 
Eockingham  counties.  Poverty  Creek,  after  flowing  for  some 
distance  along  the  north  side,  cuts  directly  through  this  moun- 
tain, and  gives  a  good  section  of  all  the  strata  of  the  Vespertine. 
The  dip  is  30°  S.S.E.  toward  the  fault  My  section  was  taken 
along  tliis  creek,  commencing  on  the  north  side  in  the  Chemung 
beds,  and  proceeding  south  to  the  upper  member  of  the  Ves- 
pertine. 

The  Chemung  beds  show  the  same  character  here  as  at  Lewis 
Tunnel.  The  same  alternations  of  flaggy  sandstone  and  shales, 
with  thin  layers  containing  numerous  impressions  of  shells,  are 
found.  These  beds  are  to  be  seen  within  a  space  of  400  feet, 
under  the  lowest  of  the  Vespertine  strata.  This  interval  was 
too  much  concealed  to  enable  me  to  determine  whether  it  is 
occupied  by  Chemung  beds,  or  strata  which  may  be  the  equiva- 
lents of  the  Catskill.  If  the  latter  are  present  here,  they  must 
be  less  than  400  feet  thick.  1  am  inclined  to  think  that  they 
are  entirely  absent,  having  been  replaced  by  the  greatly  thick- 
ened lower  beds  of  the  Vespertine.  The  following  is  the  sec- 
tion of  the  latter  in  ascending  order. 

Lower  member  of  the  Vespertine, 

1.  Massive  white  conglomerate  and  sandstone,  80  feet. 

2.  Massive  white  sandstone,  with  layers  of  conglomerate,  160  feet. 

3.  Tliin-bedded  white  siliceous  sandstones,  100  feet. 

4.  White  and  yellowish  flags,  marked  with  red  spots  and  streaks, 

300  feet. 

5.  Siliceous  gray  sandstones  and  flags,  300  feet. 

Total  for  the  lower  member,  930  feet. 
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No.  1  is  a  conglomerate  of  remarkable  coarseness,  and  con- 
tains only  subordinate  bands  of  coarse  white  sandstone.  Most 
of  the  pebbles  are  from  a  half  an  inch  to  an  inch  in  size,  but 
manjr  are  two  inches  in  diameter,  and  flat  The  quart2x>se  mat* 
ter  is  all  pure  white,  and  plainly  derived  from  the  Potsdam  and 
underlying  quartzites,  as  may  oe  easily  seen  from  the  nature  of 
the  larger  pebbles.  The  smaller  pebbles  are  rounded.  The 
great  coarseness,  pure  siliceous  character,  and  white  color  of 
this  stratum,  contrast  in  the  most  striking  manner  with  the 
underlying  Chemung  beds,  and  point  to  a  radical  change  in  the 
conditions  of  deposition. 

No.  2  is  a  hignly  siliceous,  white  sandstone,  with  subordinate 
bands  of  smaller  pebbles.  A  gradual  change  from  a  highly 
siliceous  character  to  a  more  argillaceous  one,  may  be  traced  as 
we  ascend  in  the  series.  No.  4  is  marked  with  streaks  and 
spots  of  red,  and  begins  to  show  some  argillaceous  matter,  es- 
pecially toward  the  top,  while  in  No.  5  a  large  amount  of  this 
material  is  present.  This  latter  is  heavy  bedded  toward  the 
bottom,  and  more  flaggy  toward  the  top. 

Middle  member  of  the  Vespertine, 

1.  Argillaceous  gray  sandstones,  200  feet. 

2.  Coal.     Upper  bed,  thickness  not  exposed. 

3.  Massive  and  flaggy  gray  sandstones,  interstratifled,  120  feet. 

4.  Bluish,  argillaceous  gray  flags,  350  feet. 

Total  for  the  middle  member,  670  feet. 

The  lower  coal-bed  was  not  seen  in  this  section.  No.  3  is 
rather  more  massive  and  siliceous  here  than  in  Price's  Moun- 
tain. In  No  4,  occasional  beds  10  to  15  feet  thick  occur,  more 
massive  and  siliceous  than  the  great  body  of  the  mass.  Next 
above  No.  4  come  the  red  beds  of  the  upper  member. 

The  coals  of  Brush  Mountain  lie  in  two  beds,  identical  with 
those  of  Price's  Mountain,  but,  as  stated  before,  the  amount  of 
slate  partings  is  greater,  as  is  the  disturbance  to  which  they 
have  oeen  subjected.  Still  the  upper  bed  here  is  also  worked 
to  a  considerable  extent  The  lower  bed  has  a  sandstone  floor 
and  rool  It  is  about  three  feet  thick,  with  a  slate  parting  in 
the  middle,  from  five  to  ten  inches  thick.  This  bed  was 
formerly  worked  on  a  small  scale,  but  is  now  entirely  neglected. 
The  upper  bed  is  separated  from  this  by  from  thirty-five  to 
forty  feet  of  gray  flags.  About  half  way  between  the  two,  at 
some  of  the  openings,  a  small  seam  twelve  inches  thick,  is 
reported  to  exist  The  following  is  the  section  of  the  upper 
bed: 

No.  1.  Bottom  slate.  No.  4.  Coal,  6  inchea 

"    2.  Coal,  8  inches.  "    5.  Slate,  1  inch. 

"    3.  Slate,  3  inches.  "    6.  Coal,  6  inches. 

Aic  Jour.  Sol— Thibd  Sbbibb,  Vol.  Xm,  No.  74— Frn.,  1877. 
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No.  7.  Slate,  10  inches.  No.  11.  Slat^  coal,  6  inches. 

^     8.  Mining  dirt,  6  inches.         '*    12.  Mining  dirt,  6  inches. 
*'     9.  Main  coal,  20-30  inches.    *'    13.  Coal  and  slate,  20  inches. 
"  10.  Slate,  8  inches.  **    14.  Coal,  10  inches. 

No.  2  is  quite  soft,  and  a  good  material  for  blacksmiths.  The 
"  bearing  in"  is  done  in  ifos.  8  and  12.  These  are  composed 
of  crushed  coal  and  slate.  All  the  material  above  and  below 
them  is  neglected.  The  roof  above  No.  14  is  a  coarse  sand- 
stone with  some  nebbles.  In  some  localities  two  small  seams 
occur  above  this  oed,  within  the  space  of  forty-five  feet.  These 
small  seams  may  occur  in  Price's  Mountain,  but  were  not  seen. 

The  coal  is  all  semi-bituminous,  some  of  it  approaching  an 
anthracite.  The  coal  of  the  lower  bed  is  harder  than  that  of 
the  upper.  In  Price's  Mountain  the  coal  of  the  main  portion 
of  the  upper  bed  is  a  handsome,  firm  material,  with  a  dull 
lustre,  much  resembling  the  natural  coke  of  the  Richmond  coal 
field.  It  seems  here  to  be  remarkably  free  from  sulphur.  The 
coal  of  Brush  Mountain  is  usually  glazed  by  friction,  and  seems 
to  have  more  sulphur.  An  analysis  by  I*rof.  Kogers  makes 
these  coals  to  contain :  14  p.  c.  bituminous  matter,  80  p.  c. 
carbon,  and  6  p.  c.  of  ash.  The  ash  is  very  fine,  and  of 
a  white  color.  The  coal  is  said  to  be  excellent  for  grates  and 
stoves. 

It  will  be  seen  from  the  above  account  that  there  has  been  a 
very  marked  thickening  of  the  Vespertine  as  we  proceed  fhjm 
north  to  south  through  the  state,  accompanied  by  an  increase 
in  the  amount  of  coal  contained  in  it  Tnis  increase  seems  to 
be  largely  at  the  expense  of  the  supposed  Catskill  beds.  It  is 
in  conformity  with  a  law  of  increase  which  holds  good  for  all 
the  strata  from  the  Devonian  to,  and  including,  the  Lower  Bar- 
ren Measures  of  the  Upper  Coals. 

Planta. 

I  have,  whenever  opportunity  offered,  made  a  collection  of 
the  plant  impressions,  but  owing  to  their  peculiar  mode  of 
distribution,  and  the  small  amount  of  excavation  made  in  these 
strata,  I  have,  as  yet,  not  been  able  to  procure  a  collection  large 
enough  to  be  offered  as  representative  of  the  series.  Hence  I 
will  not  attempt  to  give  here  anything  but  a  few  general  state- 
ments, which  may  be  greatly  modified  by  farther  discoveries. 

So  far  as  my  observations  go,  the  plants  of  this  series  of  strata 
occur  at  any  given  locality,  with  but  few  species,  while  these 
are  marked  by  the  great  number  of  individuals  which  they 
exhibit  These  species  are  widely  distributed,  and  perfectly 
characteristic  of  the  series,  at  least  as  compared  with  the  flora 
of  the  beds  above  the  Conglomerate.  The  most  important  and 
characteristic  plants  are  the  following : 
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1.  Lepidodendron.  The  forms  of  Lepidodendron  are  the 
most  abandant  and  widely  distributed.  They  are  all  character- 
ized by  small  leaf-scars. 

2.  Paltec/pteris.  This  shows  two  types.  By  far  the  most 
abandaut  and  widely  distributed  is  the  form  with  narrow  ellip- 
tical leaflets,  like  P.  Jacksonu  We  find  much  less  abundantly,  a 
second  type  with  broad  flabellate  leaflets,  like  PalcBopteris  chiusa, 

8.  Tri^yUopteris.  To  this,  I  consider  Mr.  Meek's  Oyclop- 
terie  Vtrginiana,  and  C.  LesueurianUj  as  belonging.  The  latter 
plant,  with  possibly  a  similar  species,  is  widely  distributed  and 
very  abundant  in  some  localities,  forming  all  the  impressions 
to  be  found. 

I  have  nowhere  seen  any  impressions  of  Sigillaria,  Catamites, 
Spfaenopteri^  and  others  of  the  most  common  plants  in  the  pro- 
ductive coal-measures.  In  only  one  case  have  I  seen  a  speci- 
men of  Neuropteris,  and  this  was  a  remarkably  fine  one,  of  N. 
Jlexttosa^  founa  at  Lewis  Tunnel.  This  place  has  yielded  a 
much  greater  variety  of  plants  than  any  other  locality  visited 
by  me.  Of  course  this  negative  evidence,  in  the  absence  of 
extended  exploration,  cannot  be  taken  as  excluding  the  former 
presence  of  these  plants  in  the  Vespertine.  Still  it  is  peculiar 
that  with  the  many  hundreds  of  specimens  seen  at  widely  dis- 
tant localities,  none  of  those  plants  noted  above  as  not  seen, 
should  have  been  met  with. 


Art.  XV. — Contrtbutions  from  the  JSfieffield  Laboratory  of  Tale 
CbUege,  Na  XLL — On  the  Chemical  composition  of  the  flesh 
of  Uippoglossus  Americanns  ;  by  R  H.  Chittknden. 

The  Hippoghssus  Americanns  of  Gill,  or  halibut  as  the 
fish  is  commonly  called,  is  found  in  the  waters  of  the  Atlantic 
ocean  from  Newfoundland  to  Cape  Hatteras.  The  halibut 
belongs  to  the  class  of  white-blooaed  fish,  of  which  the  Mer- 
langtis  vulgaris,  or  whiting,  is  a  typical  representative.  The 
flesh  of  the  halibut  is  of  a  fine  white  color,  quite  delicate  and 
tender,  and  is  highly  valued  for  food,  especially  in  certaia 
portions  of  the  United  Statea 

A  fresh  sample  obtained  at  the  market  yielded  by  analysis 

No.  1.  No.  2. 

Water 82-86  82-90 

Solids 17-15  17-10 

Ash 108  1-08 

Fat 1-21  1-32 

Nitrogen.. 2-02  200 

FhoBpnoric  acid  (P^O j) . . .       -37 
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The  fresh  flesh  of  the  whiting  yielded  Payen* — 

Water 82-95 

Solids 17-05 

Ash 1-08 

Fat -88 

Nitrogen 2-41 

According  to  Pavy  the  flesh  of  the  whiting  which  is  eaten 
so  extensively  in  England,  is  tender,  easily  digested,  and 
highly  nutritious.  A  comparison  of  these  two  analyses  shows 
but  very  little  diflFerence  in  the  chemical  composition  of  the 
flesh  of  the  halibut  and  whiting. 

The  flesh  of  the  halibut  dried  at  100°  C.  yielded  by  analysis: 

No.  1.  No.  2. 

Carbon 60*80  60-46 

Hydrogen ..--     7'86  7-61 

Nitrogen 11-70  11-66 

Ash 6-32  6-39 

Oxygen 24-82  23-98 

100-00  100-00 

Fat 7-08  7-16 

The  ash  of  the  flesh  gave  by  analysis : 

Silica -32 

Chlorine-... 11-11 

Carbonic  acid 1-13 

Sulphuric  acid 1-30 

Phosphoric  acid 34-36 

Iron -19 

Lime -16 

Magnesia 2-43 

Potash 37-07 

Soda 12-22 

Lithia trace 


100-28 

The  ash  for  the  analysis  was  obtained  by  carbonizing  a  large 
quantity  of  the  flesh,  then  leaching  this  carbonized  mass  with 
hot  water  to  remove  chlorides.  The  residue  left  undissolved 
by  the  water  was  then  ignited  at  a  higher  temperature  until 
burned  white.  The  aqueous  solution  of  the  chlorides  was  then 
poured  over  the  insoluble  residue  and  the  whole  heated  until 
the  water  was  completely  driven  oflf.  This  residue  was  ignited 
gently  and  yielded  a  perfectly  white  ash. 

By  a  backward  glance  at  these  analyses  we  see  that  the  food 
value  of  the  flesh  of  the  halibut  is  not  of  a  low  order,  but  com- 
pares favorably  with  the  flesh  of  other  fish  of  the  same  class. 

*  Ck>mpt  Bend.,  xtxIt,  318. 
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Art.  XVT. — Notice  of  Darwin  on  tht  Effects  of  Oroas-  and  Self- 
Fertilizatum  in  (he  Vegetable  Kingdom  /*  by  Asa  Gray. 

Mr.  Darwin,  in  the  title  of  his  new  work,  refers  only 
incidentally  to  adaptations  for  cross-fertilization, — a  subject 
which  has"  ^ven  origin  to  a  copious  literature  since  he  opened 
it  anew  in  his  book  on  the  Fertilization  of  Orchids,  in  1862.  A 
new  edition  of  this  latter  book  is  on  the  eve  of  publication  in 
England,  and  we  believe  that  this  author's  scattered  papers  on 
cross-fertilization,  as  secured  by  various  contrivances,  are  about 
to  be  collected,  revised,  and  issued  in  a  book  form.  In  the 
volume  now  before  us,  Mr.  Darwin  deals  with  the  effects  of 
cross-  and  self-fertilization,  recounts  at  length  the  experiments 
he  has  devised  and  carried  on,  collects  and  criticises  the  results, 
glances  at  the  means  of  fertilization,  and  the  habits  of  insects  in 
relation  to  it,  and  ends  with  some  theoretical  considerations  or 
inferences  suggested  by  or  deduced  from  the  facts  which  have 
been  brought  to  light 

If  writing  for  the  popular  press,  we  should  be  bound  to  say 
that  this  b«x)k  is  not  light  reading.  Three-fourths  of  its  pages 
and  of  the  chapters  are  devoted  to  the  details  of  the  experiments 
and  the  sifting  and  various  presentation  of  the  results;  and  the 
remainder,  altnough  abounaing  in  curious  facts  and  acute  sug- 
gestions, is  yet  of  a  solid  character.  The  bearings  of  various 
points  upon  what  is  called  **  Darwinism"  are  merely  touched  or 
suggest^,  here  and  there,  in  a  manner  more  likely  to  engage  the 
attention  of  the  thoughtful  scientific  than  of  the  general  reader. 

That  cross-fertilization  is  largely  but  not  exclusively  aimed 
at  in  the  vegetable  kingdom,  is  abundantly  evident.  As  Mr. 
Darwin  declares,  "it  is  as  unmistakably  plain  that  innumerable 
flowers  are  adapted  for  cross-fertilization,  as  that  the  teeth  and 
talons  of  a  carnivorous  animal  are  adapted  for  catching  prey,  or 
that  the  plumes,  wings,  and  hooks  of  a  seed  are  adapted  for  its 
dissemination."  That  the  crossing  is  beneficial,  and  consequently 
the  want  of  it  injurious,  is  a  teleological  inference  from  the 
prevalence  of  the  arrangements  which  promote  or  secure  it, — 
an  inference  the  value  of  which  increases  with  the  number,  the 
variety,  and  the  efiectiveness  of  the  arrangements  for  which 
no  other  explanation  is  forthcoming.  Tbat  the  good  consisted 
in  a  re-invigoration  of  progeny,  or  the  evil  of  close-breeding 
in  a  deterioration  of  vigor,  was  the  suggestion  first  made  (so 
far  as  we  know),  or  first  made  prominent,  by  Knight,  from 
whom  Darwin  adopted  it     However  it  be  as  to  animals,  there 

^  The  Effects  of  Oroas-  and  Self -Fertilization  in  the  Vegetable  Kingdom ;  by 
Charlbs  Dabwih,  M. a.,  F.R.S.,  etc.  London :  Murray.  (New  York :  D.  Appletoa 
M  Ck>.)     12mo,  pp.  482.     1876. 
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was  until  now  no  clear  and  direct  evidence  that  cross- fertiliza- 
tion in  the  vegetable  kingdom  did  re-invigorate.  Indeed,  the 
contrary  might  be  inferred  from  the  long  and  seemingly  indefi- 
nite perpetuation  of  bud-propagating  varieties,  which  have  no 
fertilization  at  all.  But  the  inference  from  this  is  not  as  cogent 
as  would  at  first  appear.  For,  although  bud-propa^tion  is, 
we  think,  to  be  considered  as  the  extreme  of  close-breedinjr, 
yet  in  it  the  amount  of  material  contributed  by  parent  to  off- 
spring is  usually  vastly  more  than  in  sexual  reproduction: 
and,  accordingly,  the  diminution  to  an  injurious  degree  of  any 
inherited  quality  or  essence  might  be  correspondingly  remote. 
Yet,  as  sexual  reproduction  may  be  and  often  must  be  much 
closer  in  plants  than  it  can  be  in  most  animals,  the  ill  effects  of 
self-fertilization,  or  the  good  of  cross-fertilization,  might  the 
sooner  be  noticeable.  Mr.  Darwin  arranged  a  course  of  ex- 
periments to  test  this  question,  prosecuted  it  as  to  some  species 
lor  eleven  years ;  and  the  main  object  of  this  volume  is  to  set 
forth  the  results. 

Ipomoea  purpurea,  the  common  Morning  Glory  of  our  gardens, 
was  the  leading  subject  The  flowers  of  this  species  self-fertil- 
ize, but  must  also  be  habitually  cross-fertilized,  as  they  are 
visited  freely  by  humble-bees  and  other  insects.  Ten  flowers 
of  a  plant  in  a  greenhouse  were  fertilized  with  their  own  pollen; 
ten  others  were  crossed  with  pollen  from  a  different  plant  The 
seeds  from  both  were  gathered,  allowed  to  germinate  on  damp 
sand,  and  as  often  as  pairs  germinated  at  the  same  time  the  two 
were  planted  on  opposite  sides  of  the  same  pot,  the  soil  in  which 
was  well  mixed,  so  as  to  be  uniform  in  composition.  "The 
plants  on  the  two  sides  were  always  watered  at  the  same  time 
and  as  equally  as  possible,  and  even  if  this  had  not  been  done 
the  water  would  have  spread  almost  equally  to  both  sides,  as 
the  pots  were  not  large.  The  crossed  and  self-fertilized  plants 
were  separated  by  a  superficial  partition,  which  was  always 
kept  directed  towards  the  chief  source  of  the  light,  so  that  the 
plants  on  both  sides  were  equally  illuminated."  Five  pairs 
were  thus  planted  in  two  pots,  and  all  the  remaining  seeds, 
whether  or  not  in  a  state  of  germination,  were  planted  on  the 
opposite  sides  of  a  third  pot,  so  that  the  plants  were  crowded 
and  exposed  to  a  very  severe  competition.  Bods  of  equal 
diameter  were  given  to  all  the  plants  to  twine  up,  and  as  soon 
as  one  of  each  pair  had  reached  the  summit,  both  were  measured. 
But  a  single  rod  was  furnished  to  each  side  of  the  crowded  pot^ 
and  only  the  tallest  plant  on  each  side  was  measured.  This 
was  followed  up,  for  ten  generations;  the  close  fertilization 
being  always  self-fertilization,  i.  a,  b^  pollen  to  stigma  of  the 
same  flower;  the  crossinsr,  between  individuals  in  successive 
generations  of  this  same  stock,  except  in   special  instancea. 
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when  an  extraneous  stock  was  used  as  one  parent, — to  eminent 
advantage,  as  will  be  seen. 

The  (fifference  in  vigor  between  the  cross-bred  and  the  close- 
bred  progeny,  as  measured  by  early  growth,  was  well  marked 
throughout  In  the  mean  of  the  ten  generations  it  was  as  100 
to  77.  In  the  tenth  generation  it  was  100  to  54,  that  is,  five 
cros^-bred  plants  grew  to  the  average  height  of  98*7  inches 
while  the  cluse-bred  were  reaching  the  avei'age  of  504  inches. 
This  was  a  notably  greater  diflference  than  in  any  previous 
generation.  But  this  was  probably  accidental  or  anomalous; 
for  it  was  not  led  up  to  by  successive  steps.  Indeed,  the  diflfer- 
ence in  the  first  generation  was  a  trifle  greater  than  the  average 
of  all  ten,  being  as  100  to  76.  The  second  generation  was  as 
100  to  79 ;  the  third  as  100  to  68 ;  the  fourth  as  100  to  86 ; 
the  fifth  as  100  to  75 ;  the  sixtli  as  100  to  72 ;  the  seventh  as 
100  to  81 ;  the  eighth  as  100  to  85 ;  the  ninth  as  100  to  79 ; 
the  tenth,  as  already  stated,  100  to  54  The  general  result  is 
made  striking  in  the  following  illustration. 

"If  all  the  men  in  a  country  were  on  an  average  six  feet 
high,  and  there  were  some  families  which  had  been  long  and 
closely  inter-bred,  these  would  be  almost  dwarfs,  their  average 
height  during  ten  generations  being  only  four  feet  eight  and 
one-quarter  inches."     (p.  58.) 

It  is  remarkable  that  the  diflference  between  the  close-bred 
and  the  cross-bred  individuals  should  have  been  as  great  as  it 
was  in  the  first  generation ;  and,  this  being  the  case,  it  might 
have  been  expected  that  the  difference  would  have  gone  on 
increasing  in  tne  succeeding  generations.  If  self-fertilization  is 
injurious,  the  ill  eflFects  would  be  expected  to  be  cumulative. 
"  6ut,"  instead  of  this,  **  the  diflference  between  the  two  sets  of 
plants  in  the  seventh,  eighth,  and  ninth  generations  taken  to- 
gether is  less  than  in  the  first  and  second  generations  together.*' 
Upon  this  Mr.  Darwin  remarks:  "When,  however,  we  remem- 
ber that  the  self-fertilized  and  crossed  plants  are  all  descended 
from  the  same  mother  plant,  that  many  of  the  crossed  plants 
in  each  generation  were  related,  often  closely  related,  and  that 
all  were  exposed  to  the  same  conditions,  which,  as  we  shall 
hereafter  find,  is  a  very  important  circumstance,  it  is  not  at  all 
surprising  that  the  difference  between  them  should  have  some- 
what decreased  in  the  later  generations."     (p.  56.) 

Further  light  was  thrown  upon  these  points  by  two  kinds  of 
subsidiary  experiments.  In  one  case,  tne  cross  was  made  be- 
tween two  flowers  of  the  same  plant  of  Ipomoea^  while  other 
flowers  were  self-fertilized  as  before.  On  raising  seedlings  from 
the  two  lots,  it  was  found  that  such  crossing  gave  no  superiority : 
indeed,  the  offspring  of  the  self -fertilized  flowers  appeared  to  be 
rather  more  vigorous  than  the  close-crossed.    And  other  experi- 
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ments  led  to  the  same  conclasion,  namely,  that  there  was  no 
paiticular  benefit  from  cross-fertilization  on  the  same  plant 
In  the  other  case,  the  cross  was  made  not  only  between  the 
flowers  of  distinct  plants,  but  between  those  from  different 
sources,  and  which  had  presumably  grown  under  somewhat 
different  conditions.  For  instance,  several  flowers  of  the  ninth 
generation  of  crossed  plants  of  Ipomcea  were  crossed  with  pollen 
taken  from  the  same  variety,  but  from  a  distant  garden.  The 
resulting  seedlings  showed  the  benefit  of  the  fresh  stock  remark- 
ably, being  as  much  superior  in  vigor  to  those  of  the  tenth 
inter-crossed  generation  as  the  latter  were  to  the  self-fertilized 
plants  of  the  corresponding  generation.  In  height  they  were 
as  100  to  78,  over  the  ordinary  inter-crossed;  and  in  fertility, 
as  100  to  51.  Indeed,  Mr.  Darwin's  main  conclusion  from  all 
his  observations  is,  "  that  the  mere  act  of  crossing  by  itself  does 
no  good.  The  good  depends  on  the  individuals  which  are 
crossed  differing  slightly  m  constitution,  owing  to  their  progen- 
itors having  been  subjected  during  several  generations  to  slightly 
different  conditi6ns,  or  to  what  we  call  in  our  ignorance  sponta- 
neous variation.'' 

The  greater  constitutional  vigor  of  the  crossed  plants  of 
Ipamoea  was  manifested  in  other  ways  than  their  rate  or  amount 
of  growth  ;  they  better  endured  exposure  to  a  low  temperature 
or  sudden  changes  of  temperature ;  they  blossomed  earlier ;  and 
they  were  more  fertile.  The  difference  in  fertility  varied  greatly 
in  degree  (the  extremes  in  different  experiments  and  in  differ- 
ent generations  being  100  to  99  and  100  to  26),  but  was  always 
sustained.     Also,  *nhe  impaired  fertility  of  the  self-fertilized 

Elants  was  shown  in  another  way,  namely,  by  their  anthers 
eing  smaller  than  those  in  the  flowers  on  the  crossed  plants. 
This  was  first  observed  in  the  seventh  generation,  but  may 
have  occurred  earlier.  ....  The  quantity  of  pollen  contained 
in  one  of  the  self-fertilized  was,  as  far  as  could  be  judged  by 
the  eye,  about  half  of  that  contained  in  one  from  a  crossed 
plant.  The  impaired  fertility  of  the  self -fertilized  plants  of  the 
eighth  generation  was  also  shown  in  «nnother  manner,  which 
may  often  be  observed  in  hybrids — namely,  by  the  first-formed 
flowers  being  sterile." 

Similar  experiments  were  made,  but  not  carried  to  the  same 
extent,  upon  fifty-seven  other  species  of  plants,  belonging  to 
fifty-two  genera,  and  to  thirty  great  natural  families,  the  species 
being  natives  of  various  parts  of  the  world.  The  results — the 
details  and  discussion  of  which  occupy  the  bulk  of  this  volume 
— vary  greatly,  some  plants  making  a  better,  and  others  a  less 
good  showing  for  the  advantage  oiF  cross-fertilizing,  and  this 
advantage  manifesting  itself  in  different  ways,  some  in  vigor  or 
amount  of  growth,  some  in  hardiness,  most  in  fertility ;  but 
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with  twelve  cases  iu  which  the  crossed  plants  show  no  marked 
advantage  over  the  self-fertilized.  There  were,  however,  fifty- 
seven  cases  in  which  the  crossed  exceeded  the  self- fertilized  by 
at  least  five  per  cent,  generally  by  much  more. 

Increase  of  vigor,  as  evinced  in  growth,  appears  generally  to 
be  accompanied  oy  increased  fertility ;  but  sometimes  the  good 
of  crossing  was  manifested  only  in  productiveness,  L  e.,  iu  a 
larger  amount  of  seed.  This  proved  to  be  the  case  in  Esch- 
schoUzia,  in  which — strange  to  say — sel  f-fertil  ized  plants  of  several 
generations  were  superior  in  size  and  weight  to  inter  crossed 
plants,  even  when  the  crossing  was  between  flowers  derived  on 
one  side  from  American,  on  the  other  from  English  seed,  from 
which,  upon  Mr.  Darwin's  view,  the  maximum  benefit  should 
be  gainea.  This  instance,  however,  stands  alone.  Yet  it  is 
approached  by  several  others,  in  a  manner  which  might  have 
n^atived  the  general  conclusions  of  the  research,  if  they  had 
been  hastily  gathered  from  a  small  number  of  trials. 

For  example,  in  the  sixth  self-fertilized  generation  oi Ipomoea 
purpurea^  one  of  these  plants  took  the  lead  of  its  competitor, 
kept  it  almost  to  the  end,  and  was  ultimately  overtopped  only 
by  half  an  inch  on  a  total  height  of  several  feet  To  ascertain 
whether  this  exceptionally  vigorous  plant  would  transmit  its 
power  to  its  seedlings,  several  of  its  flowers  were  fertilized  with 
their  own  pollen,  and  the  seedlings  thus  raised  were  put  into 
competition  with  ordinary  sel  f-fertil  ized  and  with  inter-crossed 
plants  of  the  corresponding  generation.  The  six  children  of 
Hero  (the  name  by  which  this  individual  was  designated),  beat 
the  ordinary  self  fertilized  competitors  at  the  rate  of  100  to  84, 
and  the  inter-crossed  competitors  at  the  rate  of  100  to  95  ;  and 
in  the  next  generation  the  self-fertilized  grand-children  beat 
those  from  a  cross  between  two  of  the  children  at. the  rate  of 
100  to  94.  In  the  next  generation  the  seedlings  were  raised  in 
winter  in  a  hot-house,  became  unhealthy,  and  the  experiment 
terminated  without  marked  result.  Moreover  the  remarkable 
vigor  of  growth  in  Hero  and  its  progeny  was  attended  by  some- 
what increased  fertility.  Here,  then,  an  idiosyncracy  arose,  from 
some  utterly  unknown  cause, — a  spontaneous  variation  of  con- 
stitution, which  was  transmitted  to  posterity,  and  which  gave 
all  the  benefit  of  cross- fertilization,  and  somewhat  more,  both 
as  to  vigor  and  fertility.  A  similar  idiosyncracy  made  its  ap- 
pearance in  the  third  generation  of  seedlings  of  Mimu'us  luteus. 

Discordant  or  anomalous  facts  like  these  seem  confusing, 
even  though  too  few  to  afiect  seriously  the  grand  result  of  the 
numerous  experiments;  but  upon  Darwinian  principles,  in 
which  adaptations  are  ultimate  results,  they  are  to  be  expected, 
as  a  consequence  of  the  general  and  apparently  vague  pro- 
clivity to  vary. 
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In  Foxglove, — the  flowers  of  which  are  naturally  self-sterile 
or  nearly  so,  and  in  which  crossing  gave  a  marked  advantage 
over  self-fertilizing,  both  as  to  growth  and  productiveness, — a 
decided,  though  small  advantage,  appeared  to  come  from  the 
crossing  of  flowers  on  the  same  plant. 

In  Origanum  vulgare,  crosses  were  made  between  different 
plants  of  a  large  clump,  long  cultivated  in  a  kitchen -garden, 
which  had  evidently  spread  from  a  single  root  by  stolons, 
and  which  had  become  in  a  good  degree  sterile,. as  is  usual 
under  such  conditions.  The  crossing  caused  rather  more  seed 
to  form ;  but  the  seedlings  from  the  crossed  did  not  surpass  in 
growth  those  of  the  self -fertilized  ;  '*a  cross  of  this  kind  did  no 
more  good  than  crossing  two  flowers  on  the  same  plant  of  Ipo- 
mcea  or  Mimulus,  Turned  into  the  open  ground,  and  both  self- 
and  cross-fertilized  the  following  summer,  and  equal  pairs  of 
the  resulting  seeds  planted  on  opposite  sides  of  two  very  laige 
pots,  the  crossed  plants  from  seed  showed  a  clear  superiority 
over  their  self-fertilized  brethren,  at  the  rate  of  100  to  Si 
But  this  excess  of  height  by  no  means  gives  a  fair  idea  of  the 
vast  superiority  in  vigor  of  the  crossed  over  the  self-fertQized 
plants.  The  crossed  flowered  first  and  produced  thirty  flower- 
stems,  while  the  self- fertilized  produced  only  fifteen,  or  half  the 
number.  The  pots  were  then  oedded  out,  and  the  roots  prob- 
ably came  out  of  the  holes  at  the  bottom,  and  thus  aided  their 
growth.  Early  in  the  following  summer,  the  superiority  of  the 
crossed  plants,  owing  to  their  increase  by  stolons,  over  the  self- 
fertilized  plants,  was  truly  wonderful  .  .  .  Both  the  crossed 
and  the  self-fertilized  plants  being  left  freely  exposed  to  the 
visits  of  bees,  manifestly  produced  much  more  seea  than  their 
grandparents, — the  plants  of  original  clumps  still  growing  close 
by  in  the  same  garaen,  and  equally  left  to  the  action  of  bees." 

These  few  cases  must  here  suffice,  and  they  give  a  fair  gen- 
eral idea  of  the  main  results  reached, — somewhat  qualified, 
however,  by  certain  instances  in  which  little  or  no  benefit  was 
observed.  Let  it  be  remarked  that  while  most  of  the  cases 
show  decided  and  unequivocal  good  from  the  crossing,  none 
of  them  unequivocally  tell  to  the  contrary,  as  the  advantage 
appears  sometimes  in  one  direction,  sometimes  in  another. 
"Thus,  the  crossed  and  self- fertilized  plants  of  Ipomoea^  Papaver^ 
Reseda  odorata,  and  Limnanthes  were  almost  equally  fertile,  yet 
the  former  exceeded  considerably  in  height  the  self-fertilized 
plants.  On  the  other  hand  the  crossed  and  self- fertilized  plants 
of  Mimulus  and  Primula  differed  to  an  extreme  degree  in 
fertility,  but  by  no  means  to  a  corresponding  degree  in  height 
or  vi^or." 

We    must    wholly    omit  —  among    many  other   things — 
the   interesting  account  of  self-sterile  plants,   meaning  nere 
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not  those  in  which  the  pollen  does  not  reach  the  stigma  tin- 
aided,  but  those  in  whicn  it  is  impotent,  or  nearly  so,  when 
applied^  although  efficient  upon  the  stigma  of  another  indi- 
viauaL  Verbascum^  Passifl/ora^  Corydalis^  •  and  many  Orchids 
afford  instances  of  this  sort.  In  these  the  advantage  of  cross- 
fertilization  rises  to  a  necessity.  A  noteworthy  fact  respecting 
them  (of  which  Mr.  Darwin  makes  much)  is,  that  such  self- 
sterility,  or  the  reverse,  is  influenced  by  slight  changes  in  the 
conditions,  such  as  difference  in  temperature,  grafting  on  an- 
other stock,  and  the  like.  In  South  Brazil,  Fritz  Miiller  found 
that  for  six  generations  all  his  plants  of  EschschoUzia  Califomica 
were  completely  sterile,  unless  supplied  with  pollen  from  a 
distinct  plant,  when  they  were  completely  fertile.  This  was 
not  the  case  in  English  plants,  which,  when  covered  by  a  net, 
set  a  considerable  number  of  capsules,  the  seeds  of  which,  by 
weight,  were  as  71  to  100  of  those  on  plants  intercrossed  by 
bees.  These  Brazilian  seeds,  sent  to  England,  yielded  plants 
with  moderately  self-fertile  flowers,  and  this  limited  self -fertility 
was  increased  in  two  generations  of  English  growth.  Con- 
versely, seeds  from  English  plants  grown  m  Brazil  were  more 
self-fertile  than  those  reared  in  Brazil  for  several  generations; 
yet  "one  which  did  not  flower  the  first  year,  and  was  thus 
exposed  for  two  seasons  to  the  climate  of  Brazil,  proved  quite 
aeli-sterile,  like  a  Brazilian  plant,  showing  how  quickly  the 
climate  had  acted  on  its  sexual  constitution.''  Having  ob- 
served that  certain  individuals  of  Mignonette  were  self-sterile, 
Mr.  Darwin  secured  several  such  plants  under  separate  nets, 
and  by  inter-crossing  these  for  a  few  generations,  obtained 
plants  which  inherited  this  peculiarity,  so  that  "  without  doubt 
a  self-sterile  race  of  Mignonette  could  easily  have  been  estab- 
lished." 

Nine  of  the  twelve  chapters  are  devoted  strictly  to  the  effects 
of  cross  and  self-fertilization.  The  tenth  considers  the  "  means 
of  fertilization."  Cross-fertilization  is  favored  or  ensured  by : 
1,  the  separation  of  the  sexes ;  2,  the  maturity  of  the  male  and 
female  sexual  elements  at  different  periods ;  3,  dimorphism  or 
even  trimorphism;  4,  various  mechanical  contrivances;  5,  the 
more  or  less  complete  inefficiency  of  a  flower's  own  pollen  on 
its  stigma,  and  the  prepotency  of  pollen  from  any  other  individ- 
ual over  that  from  the  same  plant.  We  understand  that  Mr. 
Darwin  is  just  now  occupied  in  revising  and  extending  his 
various  papers  upon  these  topics,  with  a  view  to  their  publica- 
tion in  a  volume.  Here  he  gives  a  list  of  plants  whicn,  when 
insects  are  excluded,  are  either  quite  sterile  or  produce  less 
than  half  the  number  of  seeds  yielded  by  unprotected  plants. 
This  is  followed  by  a  list  of  plants  which,  when  protectea  from 
insects,  are  either  quite  fertile  or  yield  more  than  half  the  num- 
ber of  seeds  produced  by  unprotected  planta 
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*'  Each  of  these  lists  contains  by  a  mere  accident  the  same  number 
of  genera,  viz.,  forty-nine.  The  genera  in  the  first  liHt  include 
sixty-five  species,  and  those  in  the  second  sixty  species ;  the  Orchi- 
desB  in  both  being  excluded.  If  the  genera  in  this  latter  order, 
as  well  as  in  the  AsclepiadesB  and  ApocvnacesB,  had  been  included, 
the  number  of  species  which  are  sterile  if  insects  are  excluded 
would  have  been  greatly  increased ;  but  the  lists  are  confined  to 
species  which  were  actually  experimented  on.  The  results  can  be 
considered  as  only  approximately  accurate,  for  fertility  is  so  vari- 
able a  character,  that  each  species  ought  to  have  been  tried  many 
times.  The  above  number  of  species,  namely,  125,  is  as  nothing 
to  the  hosts  of  living  plants ;  but  the  mere  fact  of  more  than  han 
of  them  being  sterile  within  the  specified  degree,  when  insects 
are  excluded,  is  a  striking  one;  for  whenever  pollen  has  to  be 
carried  from  the  anthers  to  the  stigma  in  order  to  ensure  full  fer- 
tility, there  is  at  least  a  good  chance  of  cross-fertilization.  I  do 
not,  however,  believe  that  if  all  known  plants  were  tried  in  the 
same  manner,  half  would  be  found  to  be  sterile  within  the  specified 
limits ;  for  many  flowers  were  selected  for  experiment  which  pre- 
sented some  remarkable  structure ;  and  such  flowers  often  require 
insect-aid."     (p.  370.) 

It  is  worth  noticing  that  Trifolium  repens  and  T.  pratense  (the 
common  white  and  red  clovers)  have  a  place  in  the  first  list;  71 
arvense  and  T,  procnmhens  in  the  second.  Darwin  refers  to  Mr. 
Miner's  statement  that  "in  the  United  States,  hive-bees  never 
suck  the  red  clover,"  and  says  it  is  the  same  in  England,  ex- 
cept from  the  outside  through  holes  bitten  by  humble-bees; 
yet  that  H.  Miiller  has  seen  them  visiting  this  plant  in  Ger- 
many, for  the  sake  both  of  pollen  and  nectar,  which  latter  they 
obtained  by  breaking  apart  the  petals.  Darwin  has  not  qual- 
ified his  statement,  long  ago  made,  of  the  complete  sterility  of 
red  clover  protected  from  insects ;  but  Mr.  Meehan  asserts 
that  protected  plants  are  fertile  in  this  country,  without,  how- 
ever, giving  details  or  the  rate  of  fertility.  In  7!  arvense,  "the 
excessively  small  flowers  are  incessantly  visited  by  hive  and 
humble-bees;  when  insects  were  excluded  the  nower-heads 
seem  to  produce  as  many  and  as  fine  seeds  as  the  exposed 
heads." 

As  to  cross-fertilization,  "  the  most  important  of  all  the  means 
by  which  pollen  is  carried  from  the  anthers  to  the  stigma  of  the 
same  flower,  or  from  flower  to  flower,  are  insects,  belonging  to 
the  orders  of  Hymenoptera,  Lepidoptera,  and  Diptera ;  and  in 
some  parts  of  the  world,  birds."  In  a  note  the  author  cites  all 
the  cases  known  to  him  of  birds  fertilizing  flowers.  These  are 
chiefly  humming-birds.  "In  North  America  they  are  said  to 
frequent  the  flowers  of  Impatiens  "  (for  which  Gould,  Trochilidse, 
is  referred  to  as  authority,  and  a  reference  is  given  to  the  Garden- 
ers' Chronicle,  which  we  find  relates  to  something  else  in  South 
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America)  ;  and  this  is  all  concerning  the  United  States.  Can 
it  be  that  there  are  no  references  in  print  to  the  most  familiar 
&ct  that  our  humming-bird  is  very  fond  of  sacking  the  blos- 
soms of  Trumpet  Creeper  (Tecoma  radicans)  and  of  Honey- 
suckles? Both  these  are,  in  size  and  arrangement  of  parts,  well 
adapted  to  be  thus  cross-fertilized. 

Flowers  are  rendered  conspicuous  to  birds  and  still  more  to 
insects,  by  bright  colors.  And  as  "  almost  every  fruit  which 
is  devoured  by  birds  presents  a  strong  contrast  in  color  with 
the  green  foliage,  in  order  that  it  may  be  seen,  and  its  seeds 
disseminated,"  so  the  proportionally  laree  size  and  the  bright 
colors  of  the  corolla,  or  in  some  cases  the  equally  bright  hues 
of  adjoining  parts  of  the  flower,  or  of  the  inflorescence,  are  cor- 
related to  visiting  insects, — have  come  to  pass,  as  Darwin  would 
say,  in  consequence  of  the  visits  of  insects,  through  the  advan- 
tages in  vigor  and  productiveness  gained  by  cross-fertilization. 
He  is  ready  to  adopt  even  the  idea  of  Conrad  Sprengel,  which 
seemed  to  be  so  fanciful,  that  marks  and  streaks  on  the  corolla 
serve  as  guides  to  the  nectary:  for,  although  insects  are  well 
able  to  discover  the  nectar  without  the  aid  of  guiding  marks, 
yet  they  are  of  service  by  facilitating  the  search  and  enabling 
msects  to  suck  a  greater  number  of  blossoms  within  a  given 
time,  which  is  tantamount  to  greater  opportunity  for  cross-fer- 
tilization. 

That  odors  attract  insects  is  certain  and  many  flowers  are 
both  conspicuous  and  odoriferous,  while  others  make  up  in 
fragrance  what  they  lack  in  show.  **  Nageli  aflSxed  artiticial 
flowers  to  branches,  scenting  some  with  essential  oils,  and 
leaving  others  unscented :  and  insects  were  attracted  to  the 
former  in  an  unmistakable  manner." 

"  Of  all  colors  white  is  the  prevailing  one ;  and  of  white  flowers 
a  considerably  larger  proportion  smell  sweetly  than  of  any  other 
color,  namely,  14*6  per  cent ;  of  red,  only  8*2  per  cent  are  odorif- 
erous. The  fkct  of  a  larger  proportion  of  white  flowers  smelling 
sweetly  may  depend  in  part  on  those  which  are  fertilized  by 
moths  requiring  the  double  aid  of  conspicuousness  in  the  dusk 
and  of  odor.  So  great  is  the  economy  of  nature,  that  most  flowers 
which  are  fertilized  by  crepuscular  or  nocturnal  insects  emit  their 
odor  chiefly  or  exclusively  in  the  evening.  Some  flowers,  how- 
ever, which  are  highly  odoriferous  depend  solely  on  this  quality 
for  their  fertilization,  such  as  the  night-flowering  stock  (Hesperis) 
and  some  species  of  Daphne ;  and  these  present  the  rare  case  of 
flowers  which  are  fertilized  by  insects  being  obscurely  colored." 

**  The  shape  of  the  nectary  and  of  the  adjoining  parts  are  like- 
wise related  to  the  particular  kinds  of  insects  which  habitually 
vioit  the  flowers ;  this  has  been  well  shown  by  H.  MUller  by  his 
comparison  of  lowland  species,  which  are  chiefly  visited  by  bees, 
with  Alpine  species  belonging  to  the  same  genera,  which  are 
visited  by  butterflies." 
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*'  Pollen  contains  much  nitrogen  and  phosphorus — the  two  most 
precious  of  all  the  elements  for  the  growth  of  plants — but  iu  the 
case  of  most  open  flowers,  a  large  quantity  of  pollen  is  consumed 
by  pollen-devouring  insects,  and  a  large  quantity  is  destroyed 
durine  long-continued  rain.  With  many  plants  this  latter  evil  is 
flniarded  against,  as  far  as  is  possible,  by  the  anthers  opening  only 
during  dry  weather,  by  the  position  and  form  of  some  or  all  of 
the  petals,  by  the  presence  of  hairs,  etc. ;  also,  as  Kemer  has 
shown  in  his  interesting  essay,  by  the  movements  of  the  petals  or 
of  the  whole  flower  during  cola  and  wet  weather.  In  order  to 
compensate  the  loss  of  pollen  in  so  many  ways,  the  anthers  pro- 
duce a  far  larger  amount  than  is  necessary  for  the  fertilization  of 
the  same  flower.  I  know  this  from  my  own  experiments  on 
Ipomoea,  given  in  the  Introduction ;  and  it  is  still  more  plainly 
snown  by  the  astonishingly  small  quantity  produced  by  cleisto- 
gene  flowers,  which  lose  none  of  their  pollen,  in  comparison  with 
that  produced  by  the  open  flowers  borne  by  the  same  plants ;  and 
yet  this  small  quantity  suflices  for  the  fertilization  of  all  their 
numerous  seeds.  Mr.  Hassall  took  pains  in  estimating  the  num- 
ber of  pollen-grains  produced  by  a  flower  of  the  Dandelion,  and 
found  the  number  to  be  243,600,  and  in  a  Pseony  3,654,000  grains. 
The  editor  of  the  '  Botanical  Register '  counted  the  ovules  in  the 
flowers  of  Wisteria  sinensis^  and  carefully  estimated  the  number 
of  pollen-grains,  and  he  found  that  for  each  ovule  there  were  7,000 
grains."     (pp.  376,  377.) 

The^^e  are  probably  fair  averages  of  the  numerical  ratio  of 

EoUen  to  ovules  in  flowers  which  are  adapted  to  be  fertilized 
y  insect  agency.  Their  meaning  in  "  the  economy  of  nature" 
is  seen  by  a  comparison  on  the  one  hand  with  anemophHous, 
i.  e.,  wind-fertilizeu,  flowers,  in  most  of  which  there  is  a  vastly 
greater  disproportion  between  the  numbera — compensating  for 
inevitable  waste — and  on  the  other  with  cleistogenous  flowers, 
namely  those  small  and  less  developed  blossoms  which  some 
plants  produce  in  addition  to  the  ordinary  sort,  and  which  fer- 
tilize as  it  were  in  the  bud,  necessarily  by  their  own  pollen. 
Here  is  no  waste,  and  accordingly  the  anthers  are  very  small, 
and  the  pollen-grains  not  many  times  more  than  the  ovules : 
also  such  flowers  are  never  brightly  colored,  never  odoriferous, 
and  they  never  secrete  nectar. 

The  only  advantages  of  this  close-fertilization  which  we  can 
think  of  are  sureness  and  strict  likeness ;  both  of  which  are 
quite  as  well  secured  by  budding-reproduction.  Now,  as 
cleistogene  flowers  are  borne,  we  believe,  chiefly  and  perhaps 
only,  by  species  whose  normal  blossoms  are  adapts  for  insect- 
fertilization,  they  must  be  regarded  as  a  subsidiary  arrange- 
ment, a  safeguard  against  failure  of  proper  insect-visitation. 
As  the  volume  before  us  amply  shows,  this  failure  is  in  general 
provided  for  by  a  more  or  less  wide  margin  of  self-fertilization 
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in  the  very  flowers  which  are  adapted  for  crossing.  In  Impa- 
tiensj  Vfohj  and  the  like,  it  is  provided  for  by  separate  flowers, 
the  special  adaptations  of  which  are  unmistakable. 

H.  Mailer  appears  to  have  shown  ^^  that  large  and  conspica* 
ous  flowers  are  visited  much  more  frequently  and  by  many 
more  kinds  of  insects  than  are  small  inconspicuous  flowers. 
He  further  remarks  that  the  flowers  which  are  rarely  visited 
must  be  capable  of  self-fertilization,  otherwise  they  would 
quickly  become  extinct.*'  Mr.  Darwin's  list  seems  to  show 
tnat,  as  a  rule,  they  are  so ;  yet  many  very  small  flowers,  like 
those  of  Tri/olium  arvense,  and  small  and  dingy  ones,  like 
those  of  Asparagus^  are  freely  visited  by  bees ;  and,  conversely, 
many  large  ana  conspicuous  flowers  which  are  frequented  by 
insects  are  none  the  less  self-fertilizable.  Throughout  we  find 
that  such  things  do  not  conform  to  arbitrary  or  fixed  rules ; 
and  this&vors  the  idea  that  the  difierences  have  been  acquired. 
Mr.  Darwin  conjectures  that  the  self-fertilizing  capabilities  of 
many  small  and  inconspicuous  flowers  may  be  comparatively 
recent  acjquisitions,  on  the  ground  that,  if  tney  were  not  occa- 
sionally intercrossed,  and  did  not  profit  by  the  process,  all  their 
flowers  would  have  become  cleistoffenous,  "as  they  would 
thus  have  been  largely  benefited  by  having  to  produce  only  a 
small  Quantity  of  safely  protected  pollen/' 

Mr.  Darwin's  experiments  tending  to  prove  that  cross-fertili- 
sation between  flowers  on  the  same  plant  is  of  little  or  no  use, 
he  is  naturally  led  to  consider  the  means  which  favor  or  en- 
sure their  fertilization  with  pollen  from  a  distinct  plant  This 
must  needs  take  place  with  dioecious  plants,  ana  is  likely  to 
occur  with  the  monoecious,  and  is  in  some  cases  secured  (as  in 
Walnut  and  Hazelnut)  by  some  trees  being  proterandrous  and 
others  proterogynous,  so  that  they  will  reciprocally  fertilize 
each  other.  In  ordinary  hermaphrodite  species  the  expansion 
of  only  a  few  blossoms  at  a  time  greatly  fevors  the  intercross- 
ing of  distinct  individuals,  although,  in  the  case  of  small 
flowers  it  is  attended  with  the  disadvantage  of  rendering  the 
plants  less  conspicuous  to  insects.  Our  common  Sundews  fur- 
nish a  good  illustration  of  this.  They  abound  wherever  they 
occur,  and  are  for  a  long  while  in  blossom,  but  each  plant  or 
spike  opens  but  one  flower  at  a  time.  The  fact  of  bees  visit- 
ing the  flowers  of  the  same  species  as  long  as  they  can,  instead 
of  promiscuously  feeding  from  the  various  blossoms  nearest 
witnin  reach,  greatly  favors  such  intercrossing.  So  does  the 
remarkable  number  of  flowers  which  bees  are  able  to  visit  in  a 
short  time  (of  which  mention  will  be  made),  and  the  fact  that 
they  are  unable  to  perceive  without  entering  a  flower  whether 
other  bees  have  exhausted  the  nectar.  Then  dichogamy  (the 
maturation  of  one  sex  in  a  hermaphrodite  flower  earlier  than 
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the  other)  is  so  prevalent  that  it  may  almost  be  regarded  as  the 
rule;  and  this  ensures  such  crossing  between  few-flowered 
plants,  and  greatly  favors  it  in  the  case  of  spikes,  racemes,  and 
the  like.  For,  proterandry  being  the  commonest  arraQgement^ 
so  that  the  younger  flowers  act  as  male,  and  the  older  as  female, 
and  bees  habitually  alighting  at  the  bottom  and  proceeding 
upward,  the^  carry  the  pollen  from  the  upper  and  younger 
flowers  to  stigmas  of  the  lower  and  older  flowers  of  the  next 
spike,  and  so  on.  Heterogonism  (see  this  Journal  for  Decem- 
ber, p.  82),  which  is  less  common,  operates  precisely  like  com- 
plete dioecious  separation  of  the  sexes  in  this  respect,  and  with 
the  advantage  that  all  the  individuals  are  seed-bearing.  Moat 
of  the  special  arrangements  peculiar  to  certain  families,  such  as 
Orchids,  or  to  plants — such  as  Posoquena^  with  its  wondroas 
mechanism  for  quickly  stopping  out  access  to  the  stigma  when 
the  pollen  is  violently  discharged  upon  some  insect,  but  opening 
the  orifice  the  next  day — are  of  a  Idnd  to  favor  the  crossing  of 
distinct  plants.  Piepotency  of  other  pollen,  which  may  accom- 
pany the  other  arrangements  or  exist  independently,  acts  largely 
and  powerfully  toward  the  same  end.  Our  author  investigates 
this  at  some  length  :  we  cite  for  illustration  a  single  but  a  strong 
casa  The  stigmas  of  a  long-styled  Cowslip  were  supplied  witn 
pollen  from  the  same  plant,  and  again,  after  twenty-four  hours, 
with  pollen  of  a  short-styled,  dark-red  Polyanthus,  a  variety  of 
the  same  species:  from  the  resulting  seeds  twenty  seedlmgs 
were  raised,  and  all  of  them  bore  reddish  flowers  ;  so  that  the 
effect  of  the  plant's  own  pollen,  though  placed  on  the  stigmas 
twenty-four  hours  previously,  was  destroyed  by  that  of  the  red 
variety.  The  same  thing  is  shown  by  the  impossibility  in 
many  cases  of  raising  two  varieties  of  the  same  species  pure  if 
they  grow  near  each  other.  "  No  one  who  has  had  any  experi- 
ence would  expect  to  obtain  pure  cabbage-seed,  for  instance,  if 
a  plant  of  another  variety  grew  within  200  or  300  yards." 
And  a  veteran  cultivator  once  had  his  whole  stock  of  seeds 
seriously  bastardized  by  some  plants  of  purple  Kale  which 
flowered  in  a  cottager's  garden  half  a  mile  away.  Mr.  Gordon 
records  a  case  of  the  crossing  between  Primroses  and  Cowslips 
through  pollen  carried  by  bees  over  more  than  two  kilometers, 
or  an  English  mile  and  a  quarter. 

We  must  copy  the  close  of  this  section — long  though  it  be — 
because  of  its  capital  illustration  of  the  topic  in  hand,  and  for 
the  tcleological  lesson  which  it  teaches. 

"  The  case  of  a  great  tree  covered  with  innumerable  hermaph- 
rodite flowers,  seems  at  first  sight  strongly  opposed  to  the  be- 
lief in  the  frequency  of  intercrosses  between  distinct  individuals. 
The  flowers  which  grow  on  the  opposite  sides  of  such  a  tree  will 
have  been  exposed  to  somewhat  different  conditions,  and  a  oroaa 
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between  them  may  perhaps  be  in  some  decree  beneficial ;  but  it  is 
lot  probable  that  it  would  be  nearly  so  oeneficial  as  a  cross  be- 
ween  flowers  on  distinct  trees,  as  we  may  infer  from  the  ineffi- 
siency  of  pollen  taken  from  plants  which  have  been  propagated 
rom  the  same  stock,  though  growing  on  separate  roots.  The 
lumber  of  bees  which  freqtient  certain  kinds  of  trees  when  in  full 
lower  is  very  great,  and  they  may  be  seen  flying  from  tree  to 
Tee  more  frequently  than  might  have  been  expected.  Neverthe- 
688,  if  we  consider  how  numerous  are  the  flowers,  for  instance,  on 
i  Horse-chestnut  or  Lime-tree,  an  incomparably  larger  number  of 
lowers  must  be  fertilized  by  pollen  brought  from  other  flowers  on 
ihe  same  tree,  than  from  flowers  on  a  distinct  tree.  But  we 
ihonld  bear  in  mind  that  with  the  Horse-chestnut,  for  instance, 
>iily  one  or  two  of  the  several  flowers  on  the  same  peduncle  pro- 
Ince  a  seed ;  and  that  this  seed  is  the  product  of  only  one  out  of 
leveral  ovules  within  the  same  ovarium.  Now  we  know  from  the 
experiments  of  Herbert  and  others  that  if  one  flower  is  fertilized 
■ith  pollen  which  is  more  efficient  than  that  applied  to  the  other 
Bowers  on  the  same  peduncle,  the  latter  often  drop  off;  and  it  is 
probmble  that  thb  would  occur  with  many  of  the  self-fertilized 
flowers  on  a  large  tree,  if  other  and  adjoining  flowers  were  cross- 
Fertilised.  Of  the  flowers  annually  produced  by  a  great  tree,  it 
18  almost  certain  that  a  large  number  would  be  self-fertilized; 
and  if  we  assume  that  the  tree  produced  only  500  flowers,  and 
that  this  number  of  seeds  were  requisite  to  keep  up  the  stock,  so 
that  at  least  one  seedling  should  hereafter  straggle  to  maturity, 
then  a  large  proportion  of  the  seedlings  would  necessarily  be  de- 
rived from  self-fertilized  seeds.  But  if  the  tree  annually  produced 
50,000  flowers,  of  which  the  self-fertilized  dropped  off  without 
yielding  seeds,  then  the  cross-fertilized  flowers  might  yield  seeds 
m  sufficient  number  to  keep  up  the  stock,  and  most  of  the  seed- 
lings would  be  vigorous  from  being  the  product  of  a  cross 
between  distinct  individuals.  In  this  manner  the  production  of  a 
Tast  number  of  flowers,  besides  serving  to  entice  numerous  insects 
and  to  compensate  for  the  accidental  destruction  of  many  flowers 
by  spring-frosts  or  otherwise,  would  be  a  very  great  advantage 
to  tne  species;  and  when  we  behold  our  orchard-trees  covered 
with  a  wnite  sheet  of  bloom  in  the  spring,  we  should  not  falsely 
accuse  Nature  of  wasteful  expenditure,  though  comparatively 
Uttle  fruit  is  produced  in  the  autumn.^' 

The  Horse-chestnut  is  not  nltogether  a  well-chosen  example, 
for  in  it,  as  in  our  Buckeyes,  a  veiy  large  proportion  of  the 
flowers  in  the  thyrsus  are  usually  male,  with  barely  a  vestige  of 
pistil.  These  serve,  however,  to  increase  the  show,  in  the  man- 
ner here  illustrated,  as  well  as  to  furnish  abundance  of  pollen. 

The  section  on  aneniophilous  (wind- fertilized)  plants, — their 
interest  as  survivals  of  the  earlier  phsBnogaraic  vegetation, — 
the  speculation  as  to  how,  when  flying  insects  came  to  prevail, 
an  anemopbilous  plant  may  have  been  rendered  entomophi- 
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lous, — how  pollen,  being  a  most  nutritious  substance,  would 
soon  have  been  discovered  and  devoured  by  insects,  and  by 
adhering  to  their  bodies  be  carried  from  anthers  to  stigma  and 
from  one  flower  to  another, — how  a  waste  secretion,  such  as 
honey -dew  or  fflandular  exudations,  may  have  been  developed 
into  nectar  and  utilized  as  a  lure, — the  interesting  illustrations 
of  the  vast  amount  of  pollen  produced  by  anemophilous  plants, 
and  the  great  distances  to  which  their  light  pollen  is  often 
carried  by  the  wind, — all  these  inviting  topics  we  mast  now 
pass  by. 

In  passing  we  note  the  remark  that  '*  the  excretion  of  a  sweet 
liquid  by  glands  seated  outside  of  a  flower  is  rarely  utilized  as 
a  means  of  cross-fertilization  by  the  aid  of  insects;"  and  the 
sole  exception  alluded  to  is  that  of  the  bracts  of  Marcgraviaxxa, 
But  a  parallel  case  is  afforded  by  many  species  of  Euphorbia^ 
and  notably  in  a  striking  species  cultivated  in  conservatories, 
under  the  name  of  Poinsetfia.  Here  the  attraction  to  the  eye  is 
supplied  by  the  intense  red  coloration  of  ordinary  leaves  placed 
next  to  the  inflorescence,  and  that  to  the  palate  or  tongue  (if 
either  term  may  be  allowed),  by  a  large  cup-shaped  gland  on 
the  side  of  the  involucre,  which  contains  or  surrounds  the 
naked  and  greatly  simplified  flowers  of  both  sexes. 

That  anemophilous  plants  are  prevailingly  diclinous  (either 
monoecious  or  dioecious)  is  speculatively  connected  with  their 
antiquity ;  that  they  are  very  largely  trees  or  shrubs  is  because 
"  the  long  life  of  a  tree  or  bush  permits  of  the  separation  of  the 
sexes  with  much  less  risk  of  evil  from  impregnation  occasionally 
failing,  and  seeds  not  being  produced,  than  in  the  case  of  short- 
lived plants.  Hence  it  probably  is,  as  Lecoq  has  remarked, 
that  annual  plants  are  rarely  dioecious."  The  number  of 
anemophilous  species  is  comparatively  small,  but  that  of  indi- 
viduals of  the  species  strikingly  large,  so  that  they  form  of 
themselves,  in  cold  and  temperate  regions,  where  plant- fertiliz- 
ing insects  are  fewer,  either  vast  forests,  as  of  ConiteraB,  birches, 
beeches,  etc.,  or  meadows,  and  glades,  as  of  grasses,  sedges,  and 
rushes.  Being  thus  either  necessarily  or  prevailingly  cross- 
fertilizable  and  gregarious,  it  is  not  wonderful  that  they  should 
hold  their  own  uncnanged  in  various  parts  of  the  world.  Still 
their  advantage  is  gained  at  the  expense  of  the  production  of 
an  enormous  superfluity  of  pollen,  a  costly  product ;  and,  when 
dioecious,  half  the  individuals  produce  no  seed.  Hermaphro- 
ditism with  dichogamy,  or  some  equivalent,  and  transportation 
by  an  appeal  to  the  senses  and  appetites  of  insects,  secure  all 
the  advantages  with  least  expenditure.  The  earliest  fertiliza- 
tion in  plants  took  place  by  the  locomotion  of  the  fertilizing  or 
even  of  the  fertilized  material,  in  manner  of  most  of  the  Alga^: 
mainly  losing  this  as  vegetation  became  terrestrial,  the  transpor* 
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tation  was  committed  to  the  winds,  and  finally  in  the  higher 
plants  more  economically  consigned  to  insects. 

The  eleventh  chapter,  on  the  habits  of  insects  in  relation  to 
the  fertilization  of  flowers,  is  one  of  the  interesting  and  readable, 
although  the  shortest  It  appears  that  the  prince  of  naturalists, 
Aristotle,  had  observed  more  than  2000  years  ago  that  the  hive- 
bee  visited  the  flowers  of  the  same  species  as  long  as  possible 
before  going  to  a  different  species.  This  holds  true  of  all  kinds 
of  bees  ana  certain  other  insects,  generally,  but  not  absolutely. 
Although,  as  Lubbock  has  recently  proved,  bees  are  much 
guided  by  color,  yet  they  hold  to  the  practice  just  mentioned 
m  spite  oi  difference  in  tnis  respect,  being  botanists  enough  to 
know  that  color  is  not  a  good  specific  character.  Mr.  Darwin 
has  repeatedly  seen  humble-bees  flying  straight  from  a  red 
Fraxinella  to  a  white  variety,  from  one  Larkspur  to  a  different 
colored  variety,  and  the  same  as  to  Primroses  and  Pansies. 
But  two  species  of  Poppy  were  by  some  bee  treated  as  one ; 
and  H.  Miiller  traced  hive-bees  from  blue  hyacinths  to  blue 
violets.  On  the  other  hand,  Darwin's  bees  fly  straight  from 
clump  to  clump  of  a  yellow  CEnothera  without  turning  an  inch 
from  their  course  to  Eschscholtzias  with  yellow  flowers  which 
abound  on  either  side.  This  constancy  to  species,  however,  is 
manifested  only  when  their  flowers  abound ;  a  fact  which  may 
have  led  Mr.  Darwin  to  his  explanation  of  the  reason  of  it 

^  The  cause  probably  lies  in  insects  being  thus  enabled  to  work 
quicker ;  they  nave  just  learnt  how  to  stand  in  the  best  position 
on  the  flower,  and  how  far  and  in  what  direction  to  insert  their 
proboscides.*  They  act  on  the  same  principle  as  does  an  artificer 
who  has  to  make  half-a-dozen  engines,  and  who  saves  time  by 
making  consecutively  each  wheel  and  part  for  all  of  them. 
Insects,  or  at  least  bees,  seem  much  influenced  by  habit  in  all  their 
manifold  operations ;  and  we  shall  presently  see  that  this  holds 
good  in  their  felonious  practice  of  biting  holes  through  the 
corolla.''     (p.  4*J0.) 

As  to  this  latter  practice  — 

"The  motive  which  impels  bees  to  gnaw  holes  through  the 
corolla  seems  to  be  the  saving  of  time,  for  they  lose  much  time  in 
climbing  into  and  out  of  large  flowers,  and  in  forcing  their  heads 
into  closed  ones.  They  were  able  to  visit  nearly  twice  as  many 
flowei'S,  as  far  as  I  could  judge,  of  a  Stachys  and  PeiUstemon  by 
alighting  on  the  upper  surface  of  the  corolla  and  sucking  through 
the  cut  holes,  than  by  entering  in  the  proper  way.  Nevertheless 
each  bee  before  it  has  had  much  practice,  must  lose  some  time  in 
making  each  new  perforation,  especially  when  the  perforation  has 
to  be  made  through  both  calyx  and  corolla.  This  action  therefore 
implies  foresight,  of  which  faculty  we  have  abundant  evidence  in 

*  H.  Muller  had  oome  to  the  same  conclusion. 
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their  building  operations ;  and  may  we  not  further  believe  that 
some  trace  of  tneir  social  instinct,  that  is,  of  working  for  the 
good  of  other  members  of  the  community,  may  here  likewise  play 
a  part  ?  Many  years  ago  I  was  struck  with  the  fact  that  bumble- 
bees as  a  general  rule  perforate  flowers  only  when  these  grow  in 
large  numbers  near  together,"  etc.,  etc.     (p.  433.) 

It  appears  that  the  cutting  of  these  holes  is  done  only  by 
humble-bees,  never  by  hive-bees.  Yet  the  latter  are  quick  to 
take  advantage  of  them. 

**  In  the  early  part  of  the  summer  of  1867  I  was  led  to  observe 
during  some  weets  several  rows  of  the  scarlet  kidney-bean  ( Phase- 
olus  muUiflorus)^  whilst  attending  to  the  fertilization  of  this  plant, 
and  daily  saw  humble-  and  hive-bees  sucking  at  the  mouths  of  the 
flowers.  But  one  day  I  found  several  humble-bees  employed  in 
cutting  holes  in  flower  after  flower;  and  on  the  next  day  every 
single  hive-bee,  without  exception,  instead  of  alighting  on  the 
left  wing-petal  and  sucking  the  flower  in  the  proper  manner,  flew 
straight  without  the  least  hesitation  to  the  calyx,  and  sucked 
through  the  holes  which  had  been  made  only  the  day  before  by 
the  humble-bees ;  and  they  continued  this  habit  for  many  follow- 
ing days.  Mr.  Belt  has  communicated  to  me  (July  28th,  1874)  a 
similar  case,  with  the  sole  difference  that  less  than  half  of  the 
flowers  had  been  perforated  by  the  humble-bees;  nevertheless,  all 
the  hive-bees  gave  up  sucking  at  the  mouths  of  the  flowers  and 
visited  exclusively  the  bitten  ones.  Now  how  did  the  hive-bees 
find  out  so  quickly  that  holes  had  been  made  ?  Instinct  seems  to 
be  out  of  the  question,  as  the  plant  is  an  exotic.  The  holes  can- 
not be  seen  by  bees  whilst  standing  on  the  wing-petals,  where 
they  had  always  previously  alighted.  From  the  ease  with  which 
bees  were  deceived  when  the  petals  of  Lobelia  Erinus  were  cut 
off*,  it  was  clear  that  in  this  case  they  were  not  guided  to  the  nec- 
tar by  its  smell;  and  it  may  be  doubted  whether  they  were 
attracted  to  the  holes  in  the  flowers  of  the  Phaseolus  by  the  odor 
emitted  from  them.  Did  thejr  perceive  the  holes  by  the  sense  of 
touch  in  their  proboscides,  whilst  sucking  the  flowers  in  the  proper 
manner,  and  then  reason  that  it  would  save  them  time  to  alight 
on  the  outside  of  the  flowera  and  use  the  holes?  This  seems 
almost  too  abstruse  an  act  of  reason  for  bees ;  and  it  is  more 
probable  that  they  saw  the  humble-bees  at  work,  and  understand- 
ing what  they  were  about,  imitated  them  and  took  advantage 
of  the  shorter  path  to  the  nectar.  Even  with  animals  high  in  the 
scale,  such  as  monkeys,  we  should  be  surprised  at  hearing  that  all 
the  individualH  of  one  species  within  the  space  of  tw"enty-iour 
hours  understood  an  act  performed  by  a  distinct  species,  and 
profited  by  it"  (pp.  480,  431.) 

But  we  must  cut  short  our  citations  and  remarks;  passing  by 
one  of'  the  most  important  points,  relative  to  the  amount  of 
fertilizing  work  done  by  insects,  namely,  the  evidence  of  the 
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extraordinary  industry  of  bees  and  the  number  of  flowers 
visited  within  a  short  time ;  which,  as  well  as  the  distance  to 
which  pollen  is  sometimes  transported,  is  far  greater  than  one 
would  have  supposed  But  the  volume  is  reprinting  by  the 
Appletons,  and  will  soon  be  within  the  reacn  of  all, — along 
witn  a  new  edition  of  the  orchid-fertilization  book,  the  proper 
supplement  to  the  present  work,  relating  as  it  does  to  the 
class  of  plants  in  which  the  adaptation  for  fertilization  by 
insects  is  carried  to  the  highest  degree  of  specialization  and 
perfection. 


Art.  XVII. — Note  on  Microdiscits  speciosus ;  by  S.  W.  Ford. 

In  my  original  description  of  this  interesting  Trilobite  (this 
Journal,  August,  1878)  it  is  stated  that  the  thorax  is  composed 
of  four  equal  segments.  The  description,  in  so  far  as  relates  to 
this  part  of  the  animal  organization,  was  drawn  up  from  the 
study  of  a  single  specimen,  showing  the  head,  thorax  and 
pygidium  in  nearly  their  natural  positions,  and  apparently  offer- 
ing decisive  testimony  as  to  the  true  number  of  body-rinffs. 
Somewhat  more  than  a  year  ago,  however,  I  obtained  from  tne 
Troy  beds  another  specimen,  of  almost  precisely  the  same 
dimensions,  showing  clearly  but  (^ree  segments  in  the  thorax; 
and,  subsequently,  a  much  larger  specimen  showing  the  same 
number.  This  led  me  to  re-examine,  more  critically,  the  speci- 
men employed  in  the  original  description,  when  it  was  found 
that  the  head  had  slipped  slightly  forward,  and  that  what  I  had 
r^arded  as  the  first  pleura  (all  of  the  pleurae  of  one  side,  as 
wdl  as  one-half  of  the  head,  being  enveloped  in  the  matrix)  was 
a  fragment  of  some  foreign  body  that  had  fallen  into  the  gap 
thus  made.  The  deception,  in  the  first  instance,  was  rendered 
all  the  more  complete  from  the  fact  that,  by  the  displacement 
of  the  head  alluded  to,  the  articular  fold  of  the  first  body-ring, 
which  is  ordinarily  wholly  hidden  from  view  by  the  backward 
prolongation  of  the  glabella,  was  exposed,  thus  making  a  very 
good  case  for  a  fourth  segment  I  now  consider  it  certain  that 
this  species  has  never  more  than  three  body-rings.  I  have  in 
my  collection  a  small  rolled-up  specimen  showing  the  extremi- 
ties of  but  two  body-segments,  and  I  was  at  first  led  to  think  it 
possible  that  we  had  in  this  species  an  example  of  the  meta- 
morphoses of  Trilobites,  concerning  which  Barrande  has  taught 
as  so  much.  But  as  I  have  observed  since  this  specimen  was 
obtained,  an  individual  of  even  smaller  size,  witn  three  per- 
fectly formed  body-segments,  this  notion  is  without  foundation 
at  the  present  tima     I  should  here  also  add  that  the  last  body- 
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ring  is  not,  as  I  originally  believed  it  to  be,  firmly  soldered  to 
the  pygidium. 

It  is  a  remarkable  fact  that,  under  each  of  the  four  trilobitic 
genera  represented  in  the  Troy  Primordial,  viz.,  Olf^iellus,  Cono- 
coryphe,  Microdiscus  and  Agnoslus,  there  should  be  found,  in  this 
fauna,  a  species  affording  an  example  of  a  well-marked  depart- 
ure from  the  usual  structure  of  the  genus  to  which  it  belongs. 
Thus  Microdiscus  specfosus  has  but  three  body-rings,  as  already 
stated,  while  all  the  other  described  species  of  the  genus  whose 
thorax  is  known  have  four;  Agnoatus  nobilis  has  but  one  body- 
ring,  while  nearly  all  of  the  other  species  have  two ;  Conocoryvhe 
irilineaia^  with  its  singularly  cleft  caudal  margin  stands  widely 
apart  from  all  the  other  certainly  known  species  of  the  genus; 
while  Olenellus  asaphoides,  unlike  the  other  described  species  in 
which  the  thorax  has  been  observed,  has  none  of  its  anterior 

fleurae  extravagantly  prolonged  as  compared  with  the  others, 
n  this  respect  this  latter  species,  as  Barrande  has  already  indi- 
cated, sustains  the  same  relation  to  the  Vermont  forms  of  the 
genus  as  do  the  Swedish  Paradoxides  to  their  Bohemian  allies. 

November  20th,  1876. 


Art.  XVni. —  On  Wate7*  Courses  upon  Long  Island;  by  Elias 

Lewis,  Jr. 

It  has  been  estimated  that  of  the  forty-two  inches  of  average 
annual  rainfall  upon  Long  Island  more  than  three-fourths  sinks 
directly  into  the  porous  soil.  The  excess  which  occurs  when 
the  fail  is  unusually  heavy,  or  the  surface  frozen,  makes  its 
way  into  the  innumerable  valleys  which  traverse  its  surface. 
These  valleys  may  therefore  be  considered  as  lines  of  surface 
drainage,  the  principal  of  which  have  their  source  on  the 
high  grounds  near  the  center  of  the  island,  whence  a  portion  of 
them  extend  northward  toward  Long  Island  Sound,  others 
southward  to  the  bay  or  ocean. 

On  the  north  side  of  the  island,  of  which  we  shall  first  speak, 
many  small  lateral  valleys  open  into  the  larger  ones,  cutting 
the  surface  into  a  series  of  valleys  and  hills,  forming  a  land- 
scape exceedingly  beautiful  and  picturesqua 

The  high  grounds  referred  to  comprise  a  range  of  hills  which 
extend  more  than  sixty  miles  in  a  direction  parallel  with  that 
of  the  island,  and  which  vary  from  150  to  384  feet  in  height 
This  range  is  called,  absurdly  enough,  the  backbone  of  the 
island.  It  consists,  however,  of  glacial  drift,  with  boulders,  many 
of  immense  size,  but  is  wholly  without  rock  in  place.  It  is 
upon  this  range,  quite  at  the  top  in  many  instances,  that  the 
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principal  water  courses  have  their  source.  From  these  eleva- 
tions they  extend  as  broad  deep  valleys,  well  cultivated  or 
wooded,  rarely  presenting  evidence  of  recent  erosion. 

An  inquiry  is  suggested,  how  and  when  were  they  formed  ? 
The  sur&ce  waste  of  water  from  the  present  volume  of  rainfall 
seems  wholly  inadequate  to  produce  them.  Much  of  this  perco- 
lates the  soil  after  reaching  the  valleys,  and  in  many  instances 
the  bottom  of  the  valleys,  which  is  usually  of  gravels  and  sand, 
is  covered  deeply  by  an  accumulation  of  sedimentary  matter 
because  the  flow  of  water  through  them  has  not  been  sufficient 
to  maintain  them  at  their  original  depth.  In  the  great  water- 
course which  opens  at  Glen  Cove  there  occurs,  three  miles  south- 
ward from  its  termination,  a  deposit  of  fine  clay  six  feet  or 
more  in  thickness,  and  thirty  feet  below  accumulated  sediment 
in  the  valley.  The  fact  that  such  deposits  occur  in  the  old 
water  courses  suggests,  we  think,  feeble  energy  of  erosion,  and 
points  to  a  time  when  it  was  more  active  than  now. 

The  formation  and  maintenance  of  a  valley  implies  that  the 
material  which  filled  it,  or  which  might  have  fillea  it,  has  been 
removed  by  a  stream  of  sufficient  volume  to  accomplish  the 
work.  A  quantity  of  rainfall  is  conceivable  which  would 
erode  and  deepen  the  valleys  in  question,  and  that  such  oc- 
cured  at  a  former  period  is  quite  possible,  but  we  insist  that 
while  some  erosion  must  occur  when  water  moves  over  the 
surface  of  the  ground,  that  the  great  development  of  these 
valleys,  especially  at  their  source,  and  upon  the  highest  grounds, 
is  not  explained  by  the  present  surface  waste.  The  watershed  of 
the  island  upon  the  hills  is  narrow ;  frequently  a  few  rods,  or 
feet  separates  the  source  of  a  valley  extending  northward  from 
one  running  southward. 

We  are  inclined  to  look  to  an  agent  other  than  rainfall  for 
the  development  of  the  surface  sculpture  of  Long  Island. 
Excepting  its  lower  beds  which  may  consist  of  Tertiary  or  Cre- 
taceous deposits,  or  of  both,  the  island  is  a  glacial  moraine, — ^a 
mass  of  debris  both  unmodified,  and  in  every  stage  and  form 
of  modification.  The  surface  valleys  were  evidently  water- 
courses for  sub-glacial  streams  supplied  by  the  ever  wasting  ice 
while  it  still  lav  iipon  the  coast.  From  this  cause  a  deep  ero- 
sion of  the  higFiest  grounds  was  possible,  and  the  general  con- 
tour of  the  surface  determined.  The  direction  and  course  of  all 
the  principal  valleys  indicate  their  common  origin.  So  deeply 
marked  and  well  defined  are  they  that  little  change  in  their 
general  aspect  seems  to  have  taken  place  since  the  disappear- 
ance of  the  ice  sheet  from  the  coast.  If  from  the  surface  valleys 
we  turn  to  the  similar  but  vastly  greater  ones  on  the  north  side 
of  the  island  which  now  constitute  the  series  of  magnificent 
harbors  upon  its  coast,  we  find  proof  that  they  too  had  their 
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origiD  in  glacial  times.  These  harbors  are  eight  in  number,  and 
although  in  glacial  drift  are  as  truly  fiords  as  those  along  the 
rockj  coast  oi  Greenland.  They  extend  into  the  island  from 
three  to  six  miles,  they  are  fix)m  half  a  mile  to  a  mile  and  a 
half  broad  and  are  in  the  deeper  portions  from  ten  to  twenty- 
five  feet  deep.  They  were  probably  deeper  when  free  from 
sediment  In  a  few  instances  where  tidal  currents  are  strong 
the  water  is  from  thirty  to  fifty  feet  deep.  The  land  on  either 
side  of  the  fiords  is  from  a  few  feet  to  as  much  as  200  feet 
above  tide,  and  the  valleys  continue  long  distances  inland 
beyond  where  the  tides  reach.  Many  lateral  valleys  open  into 
these,  evidently  cut  by  glacial  streams.  It  is  extremely  prob- 
able that  these  great  fiords  were,  at  an  early  stage  oi  the 
formation  of  the  island,  water-courses  opening  to  the  ocean,  and 
were  maintained  as  such  until  filled  by  accumulating  drift. 
This  may  have  occurred  while  the  ice  sheet  still  lay  over  the 
region,  and  the  streams  were  under  or  sub-glacial  ones.  When 
however  the  valleys  were  finally  filled  with  drift  at  their  ter- 
minus the  waters  were  arrested,  and  thenceforth  dischai^ed 
eastward  and  westward  through,  what  is  now,  Long  Island 
Sound. 

There  is  no  evidence  that  the  fiord  valleys  have  changed  io 
their  general  contour  since  the  glaciers  disappeared.  The  facts 
undoubtedly  imply  that  the  coast  stood  at  a  greater  elevatioD 
than  now,  for  the  glacial  fed  streams  must  have  swept  the  fiord 
valleys  to  their  bottom.  But  Prof.  Dana  has  shown  long  since 
that  the  Glacial  period  was  probably  one  of  elevation  of  North- 
ern lands. 

There  is  reason  for  the  conclusion,  however,  that  some  deep- 
ening of  the  principal  surface  valleys  has  taken  place  subse- 
quently to  the  disappearance  of  the  ice,  which  may  be  attributed 
to  streams.  There  occurs  in  many  instances  fragmental  depos- 
its of  sand  and  gravel  along  their  banks,  ten  to  twenty  or 
more  feet  above  the  bottom,  which  seem  to  be  i*emains  of  flood 
plains,  and  indicate  erosion  to  that  extent  If  this  be  corrects 
more  abundant  rainfall  at  a  former  period  is  suggested,  and  it 
may  have  occurred  while  the  ice  still  lay  upon  New  England. 
Chilled  by  its  presence  the  vapor-laden  air  from  the  ocean 
might  have  dropped  its  moisture  in  more  abundant  rain  or  snow 
upon  the  coast,  and  local  accumulation  of  snow  upon  the  hills 
during  winter  may  have  aided  in  swelling  the  eroding  streams. 

The  water-courses  which  open  southward  from  the  central  hills 
of  the  island  extend  overa  nearly  uniform  plain ;  they  are  of 
moderate  depth,  rarely  greater  than  twenty  feet,  have  few  tribu- 
taries, and  are  quite  direct  and  continuous  from  the  hills  to  the 
bay.  They  are  over  a  formation  geologicall  v  difl'erent  from  that 
on  the  north  side  of  the  hills,  it  being  strati^ed  gravel  and  sand, 
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proving  the  presence  of  the  ocean  over  the  region  subsequent 
to  the  deposit  of  the  drift  The  •  stratified  beds  occur  at  all 
heights  up  to  260  feet  above  tide,  and  imply  a  submei^ence  of 
the  coast  to  that  extent  There  still  remained,  however,  manv 
elevations  above  the  ocean  (or  if  they  were  submerged  their 
contour  was  not  altered),  for  they  now  show  the  same  develop- 
ment of  old  vallevs  as  we  have  noticed  on  the  north  side  of  the 
hills.  This  is  important  in  explaining  the  newer  valleys  over 
the  stratified,  and  newer  beds.  We  have  traced  several  of  these 
to  their  source,  and  find  that  in  each  instance  the  new  valley  is 
a  continuation  of  an  old  one.  These  new  valleys  are  called 
locally  "plain  valleys,"  because  they  traverse  the  plains,  and 
there  are  thirty  of  them  between  East  New  York  and  Riverhead, 
a  distance  of  fifty  miles. 

It  is  easy  lo  see  why  the  new  valleys  are  continuous  with 
those  upgn  the  higher  grounds,  as  the  precipitation  upon  the 
region  would  flow  mto  the  old  valleys,  giving  direction  to  the 
surface  waste  in  streams.  These  at  the  period  of  submergence, 
which  was  probably  the  closing  of  the  Glacial,  or  opening  of 
the  Champlain  period,  would  continually  empty  into  tne  bay  or 
ocean  near.  As  the  coast  arose  from  the  water  the  shore  line 
receded,  but.  the  streams  would  still  reach  it,  and  slowly  but 
surely  erode  the  plain  valleys  in  Question.  It  thus  appears 
that  the  water  courses  over  the  modified  drift  of  the  plains  have 
their  origin  in  older  valleys  worn  by  glacial  torrents  in  a  pre- 
ceding age. 

There  is  a  source  of  valley  erosion  on  both  sides  of  Long 
Island  which  has  not  yet  been  mentioned.  It  arises  from  springs 
fed  from  rainfall,  which  break  out  and  flow  during  the  whole, 
or  part  of  the  year  in  some  of  the  valleys.  These  springs  are 
from  under-drainage.  On  the  south  side  of  the  island  they  ap- 
pear from  one  to  three  miles  from  the  coast,  forming  streams  of 
great  beauty  and  purity.  It  is  from  this  source  that  the  city  of 
Brooklyn  is  supplied  with  its  wonderfully  pure  water.  There 
is  reason  to  conclude  that  the  springs  broke  out  farther  inland 
at  a  former  period.  On  the  north  side  of  the  island  springs 
appear  in  some  of  the  valleys  from  which  small  streams  flow  a 
part  of  the  year.  In  both  instances,  however,  we  should  not 
expect  the  cropping  out  of  springs,  in  valleys,  until  the  valleys 
were  formed,  it  is  because,  in  most  instances,  the  valleys  have 
been  cut  down,  to  the  level  of  saturation,  that  springs  appear, 
and  if  at  any  period  they  cropped  out  farther  inland  in  the 
valleys,  or  upon  a  higher  level,  it  was  because  the  level  of 
saturation  was  higher  than  it  now  is.  Any  subsequent  lower- 
ing of  it  has  arisen  from  a  diminished  supply  of  water,  conse- 
quent upon  diminished  precipitation. 

In  review  the  following  conclusions  seem  to  be  sustained  : — 
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1.  The  formation  of  the  principal  valleys  about  the  hills  of 
central  Long  Island  and  northward  to  the  Sound  was  concur- 
rent with  the  closing  period  of  the  ice  over  the  region,  but  some 
deepening  has  taken  place  by  water  from  rainfall,  both  from  its 
surface  waste,  and  from  under-drainage,  forming  sprin^^s  in  some 
of  the  valleys. 

2.  The  great  fiord  valleys  were  contemporaneous  with  the 
progress  of  the  ice  period. 

3.  The  ** plain  valleys"  have  been  formed  by  streams  from 
both  surface  and  under-drainage,  and  originated  m  older  valleys 
which  determined  the  flow  of  the  eroding  waters. 

4  A  further  conclusion  is  suggested  that  the  volume  of 
precipitation  over  the  region  was  greater  at  a  former  period 
than  at  the  present  tima 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Purification  of  Hydrogen  gas. — Although  the  use  of 
hydrogen  gas  as  a  reducmg  agent  in  analytical  operations  has 
become  quite  general  since  it  was  proposed  by  Rose,  yet  no 
method  of  perfectly  purifying  this  gas  has  been  described.  Scho- 
Bio  has  made  a  series  of  experiments  upon  the  use  of  a  saturated 
solution  of  potassium  permanganate  for  this  purpose,  the  results 
of  which  appear  to  be  quite  satisfactory.  The  impurities  which 
were  introduced  were  the  hydrogen  compounds  of  sulphur,  phos- 
phorus, arsenic,  antimony  and  carbon.  The  permanganate  was 
used  as  neutral,  acid,  and  alkaline  solution,  contaitied  in  a  Bun- 
sen  wash-bottle.  Careful  examination  of  the  gas  after  passing 
through  a  layer  10  cm.  thick  of  the  solution,  either  when  only  a 
single  impurity  was  present  or  when  all  were  mixed  together, 
failed  to  show  a  trace  of  foreign  substance.  Hydrogen  sulphide 
was  found  to  be  best  removed  by  an  alkaline  solution ;  the  other 
substances  by  a  neutral  or  acid  one.  Even  coal  gas  after  passing 
slowly  through  a  thickness  of  ten  centimeters  of  the  solution, 
deposited  no  carbon  when  passed  through  an  ignited  tube,  the 
carbon  being  oxidized  to  carbon  dioxide.  As  to  the  queption 
wht^ther  hydrogen  itself  is  not  oxidized  by  the  permanganate,  the 
author  made  comparative  experiments  with  neutral,  acid  and 
alkaline  solutions,  which  showed  that  oxidation  does  take  place, 
the  maximum  rate  being  about  a  third  of  a  cubic  centimeter  per 
hour  under  the  conditions  employed,  and  this  in  the  neutral  sola- 
tion.  With  the  hydrogen  thus  perfectly  purified  the  author 
succeeded  in  reducing  a  silver  solution,  in  the  dark  and  in  the 
absence  of  organic  matter.  In  dilute  solutions  the  silver  separated 
as  a  fine  powder;  in  concentrated  ones,  it  formed  a  mirror. — J, 
pr.  Oh.^  11^  xiv,  289,  Oct.,  1876.  G.  f.  b. 


Chemistry  and  Physics,  147 

2.  On  Hypovanadic  Oxide  and  its  Compounds, — Crow  haa 
examlDed,  under  Roscoe^s  direction,  the  modes  of  production  and 
the  properties  of  the  hypovanadio  oxide  of  Berzelius  (vanadium 
tetroxide)  and  some  of  its  compounds,  the  vanadium  being  deter- 
mined analytically  either  by  titrition  with  permanganate  or  by 
fusing  and  weighing  as  pentoxide.  Hypovanadio  oxide,  prepared 
by  heating  the  chloride  to  redness  in  an  atmosphere  of  carbon 
dioxide,  is  nearly  pure,  containing  about  95  per  cent  of  VgO^. 
It  is  a  dark-green  amorphous  powder,  insoluble  in  water,  soluble 
in  acids  or  alkalies,  and  absorbs  oxygen  from  the  air.  The 
hydrate,  obtained  by  precipitating  a  solution  of  the  sulphate  or 
chloride  with  sodium  carbonate,  filtering  in  an  atmosphere  of 
carbon  dioxide  and  drying  in  a  vacuum,  is  a  black  amorphous 
mass,  having  the  composition  Vj,0^,  (HgO),.  Two  trisulphates 
are  described,  one  with  seven,  the  other  with  four  molecules  of 
water,  both  of  which  are  light  blue  deliquescent  crystalline  pow- 
ders. Two  similar  disulphates  were  also  obtained-  The  chloride, 
VjO^Clo,  (HgO)j,  prepared  by  dissolving  the  pentoxide  in 
hydrochloric  acid,  reducing  the  solution  with  hydrogen  sulphide, 
and  evaporating,  is  a  brown  amorphous  deliquescent  mass,  which 
yields  a  blue  solution.  Potassium  hypovanadate,  1^^0,{y  2^^).j^^ 
(HjO)^,  is  deposited  in  reddish-brown  crystalline  scales  or  needle- 
shaped  crystals,  when  the  sulphate  or  chloride  is  treated  with  ex- 
cess of  potassium  hydrate  and  allowed  to  stand,  closely  stoppered, 
some  hours.  The  sodium  salt  is  similar.  The  ammonium,  barium, 
lead  and  silver  salts,  the  last  two  of  which  are  anhydrous,  are  also 
described  as  brown  or  black  precipitates. — J,  Chem.  Soc,  xxx, 
463,  Nov.,  1876.  G.  F.  a 

3.  On  JPkUo-  and  Diplato-nitrites. — Nilson  has  examined  at 
length  the  peculiar  double  nitrites  of  platinous  oxide  and  potas- 
sium, sodium,  ammonium,  silver,  mercury  and  barium  described 
by  Lang,  and,  adopting  Blomstrand's  view  that  they  are  paired 
compounds  of  quinquivalent  nitrogen,  he  considers  them  to  con- 
tain the  bivalent  radical   platotetranitrosyl,   the   acid    from  it, 

H O— NO=:z=NO-— Ov, 

'>Pt, 
H— -O— NO=:=NO-— O^ 

being  called  platotetranitrosylic  acid  or  platonitrosylic  acid,  and 
the  salts  platonitrites.  He  describes  also  new  compounds  contain- 
ing another  similar  radical,  in  which,  to  the  four  nitrosyl  groups, 
there  are  two  platinum  atoms  and  one  more  atom  of  oxygen. 
This  radical  be  calls  diplatotetranitrosyl,  the  free  acid, 

H— O NO=:=NO— O— Ptv^ 

H— O— N  0=::=N0-— O— Pt^ 

being  diplatonitrosylic  acid  and  the  salts  diplatonitrites.  Nilson 
has  prepared  the  potassium,  rubidium,  caesium,  ammonium,  thal- 
lium, sodium,  lithium,  silver,  calcium,  strontium,  barium,  lead, 
magnesium,  manganous,  cobaltous,  nickelous,  ferrous,  cupric,  zinc. 
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cadmium,  mercurons,  aluminum,  yttrium,  erbium,  cerium,  lantha- 
num and  didymium  platoiiitntes,  and  silver,  glucinum,  aluminum, 
chromous,  indium  and  ferric  diplatonitrites.  The  former  salts 
are  for  the  most  part  beautifully  crystallized,  though  the  solution 
must  be  concentrated,  since  they  are  veri^  soluble  m  water.  The 
diplatonitrites,  with  the  exception  of  the  silver  salt,  which  is  green, 
are  characterized  by  their  brilliant  red  color. — Ber,  BerL  Chem, 
Ges.y  ix,  1722,  Dec.  187tJ.  a  f.  bl 

4.  On  the  behavior  of  Palladium  in  the  Alcohol  flame.^ 
W5HLBK,  as  earlv  as  1824,  having  observed  that  palladium,  either 
in  the  form  of  toW  or  sponge,  when  heated  in  an  alcohol  flame 
covered  itself  with  a  thick  layer  of  carbon,  rendering  the  metal 
porous  and  brittle,  and  having,  upon  Graham's  discovery  of  the 
remarkable  occlusion  of  hydrogen  by  this  metal,  assumed  this  as 
the  cause  of  the  phenomenon  observed  by  him,  has  now  sought  to 
verify  the  supposition  by  passing  pure  dry  ethylene  gas  over 
palladium  sponge,  firat  at  lOo",  then  at  higher  temperatures;  but 
no  result  was  obtained  until  a  red  heat  was  reached,  when  carbon 
was  deposited  and  hydrogen  evolved;  the  temperature  being 
below  tnat,  however,  at  which  ethylene  itself  decomposes.  Since 
palladium  has  no  affinity  for  carbon,  the  author  suggests  that  the 
result  observed  may  be  due  to  an  alternate  union  with  hydrogen 
and  separation  therefrom.  He  also  describes  a  convenient  appa- 
ratus for  showing  the  absorption  of  hydrogen  by  palladium  and 
its  evolution  on  heating. — Ber.  BerL  Chetn.  6^e«.,  ix,  1713,  Dee. 
1870.  G.  p.  a 

5.  On  tiro  new  Dichlornaphthalenes. — The  a  and  fi  varieties 
of  dichlornaphthalene,  described  by  Faust  and  Saame,  have 
fusing  ])oints  of  35-36"  and  of  68°  respectively ;  the  y  variety, 
obtained  by  Atterberg,  fuses  at  107°.  Cleve  has  prepared  two 
new  forms  of  this  substance,  (^-dichlornaphthalene,  fusing  at  114**, 
and  6-dichlornaphthalene,  fusing  at  135  ,  by  the  action  of  phos- 
phoric chloride  upon  the  calcium  salts  of  the  two  napthalene-di* 
sulphonic  acids  described  by  Ebert  and  Merz.  The  former  body 
is  easily  soluble  in  boiliiig  alcohol,  from  which  it  crystallizes  in 
broad  brilliant  plates.  The  latter  is  much  less  soluble  and  crys- 
tallizes in  brilliant  prisms. — BuU,  JSoc,  Ch.^  II,  xxvi,  244,  Oct 
1876.  G.  P.  a 

6.  Emodin  from  the  bark  of  JRhamnus  frangula,-  — Libbkrmank 
and  Waldstein  have  examined  the  crystallized  substance  con- 
tained in  the  bark  of  Rhantnus  frangula  (buckthorn)  with  a  view 
to  ascertain  the  relation  of  the  frangulinic  acid  of  Faust,  which  he 
had  recognized  as  an  anthracene  derivative,  to  the  other  isomers 
of  alizarin.  The  crude  mat«mal  was  obtained  from  Merck,  and 
was  prepared  by  extracting  the  bark  with  dilute  soda  solution, 
precipitating  with  hydrochloric  acid,  and  after  repeating  this 
process,  recrystallizing  from  alcohol.  It  was  a  red  crystalline 
powder  containing  small  quantities  of  some  glucoside.  Purified 
by  recry stall ization  from  glacial  acetic  acid,  it  gave  beautifol 
orange  silky  needles,  which  after  sublimation  and  crystallization 
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from  absolute  alcohol  gave  on  aDalysis  the  formula  C|gH,oO^, 
which  is  that  also  of  emodin,  obtained  from  rhubarb  root,  as 
liebermann  had  shown.  The  acetyl-derivative  was  prepared,  and 
found  to  be  acetyl-emodin.  The  hydrocarbon  obtained  by  distill- 
ing it  with  zinc  dust,  was  a  mixture  of  anthraC/Cne  with  methyl- 
mnthracene,  as  its  oxidation  products  showed.  A  close  compar- 
ison proved  the  substance  to  be  identical  with  emodin.  The  bark 
contains  only  about  0*2  per  cent  of  it.  Whether  frangulinic  acid 
also  actually  exists  in  the  bark,  the  authors  promise  further  inves- 
tigation to  determine. — Ber,  BerL  Chem,  Ges,^  ix,  1775,  Dec. 
1876.  G.  F.  B. 

7.  On  the  Phthcdeins  of  tertiary  aromatic  Bases, — The  remark- 
able analogy  between  dimethylaniline  and  phenol,  shown  in  the 
production  by  Michler  of  a  new  body  from  the  former  by  a  reaction 
similar  to  the  synthesis  bv  Kolbe  of  salicylic  acid  from  the  latter, 
has  led  Fischer  to  follow  up  this  analogy  and  to  produce  a 
phthalein  of  dimethylaniline  corresponding  exactly  with  the  phtha- 
fein  of  phenol,  one  of  Haeyer's  remarkable  bodies.  This  re- 
semblance is  clearly  shown  m  the  following  formulas  of  these 
sabstances: 

^CO.C.H^OH  ^C0.C.H^N(CH3)2 

^CO.CjIl^OH.  ^CO.C.H^N(CH3)2 

Phttulein  of  pbenol.  Phthalein  of  dimethylaniline. 

The  new  phthalein  was  obtained  by  the  action  of  dimethylaniline 
upon  phtbalic  chloride.  The  mixture  heats,  foams  violently,  and 
becomes  dark-green  in  color.  Water  is  added,  the  excess  of 
dimethylaniline  is  removed  by  evaporation,  and  there  is  left  a 
resinous  mass  which,  crystallized  from  chloroform,  gives  greenish- 
yellow  needles.  It  forms  mono-  and  di-chlorides,  chloro-plati nates 
and  picrates,  the  former  of  which  are  green,  the  latter  yellow. 
Reduced  with  zinc  dust,  it  gives  a  colorless  base,  like  the  phtha- 
leins  of  the  phenols. — Ber,  Berl  Chem,  Ges.,  ix,  1753,  Dec.  1876. 

G.  p.  B. 

8.  Standard  Meter, — M.  G.  MAiTHEy  presented  to  the  French 
Academy  at  their  meeting  of  Dec.  4th  the  platinum-iridium  4- 
meter  bar,  constructed  for  the  International  Geodetic  Association. 
The  metals  were  prepared  by  MM.  Sainte-Claire  Deville  and 
Debray,  and  each  time  450  ounces  of  platinum  and  55  (50  ?)  ounces 
of  iridium  were  used.  Five  ingots  thus  prepared  were  cut  in 
small  pieces  by  a  hydraulic  press.  The  fragments  were  then 
melted  in  the  same  furnace  and  kept  in  a  liquid  state  for  a  long 
time  by  a  flame  of  oxygen  and  burning  gas.  The  new  ingot  was 
forged  and  then  rolled.  The  faces  of  the  hammer  and  anvil  were 
of  polished  steel  constantly  rubbed.  The  sheets  after  being  well 
scraped  were  again  melted  in  a  rectangular  furnace  and  produced 
a  very  homogeneous  mass  free  from  cracks  or  roughness  on  the 
bottom,  sides  or  top.  After  the  first  forging  a  bar  was  obtained 
35  cms.  long,  7*5  cms.  wide  and  2*5  cms.  thick,  which  weighed 
15*105  kgs.  and  had  a  specific  gravity  of  21*522.     A  third  of  the 
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bar  was  cut  off  and  the  other  two-thirds  when  forged  and  well 
annealed  had  the  following  dimensions :  Length,  95  cms.;  breadth, 
2*5  cms.;  thickness,  2  cms.  Its  weight  was  then  1 0*315  kgs.  and 
its  specific  gravity,  21*648.  The  bar  was  next  rolled  between 
polished  cylinders  and  brought  to  very  nearly  the  required  dimen- 
sions, of  length  410  cms.,  breadth  2*1  cms.,  and  thicknesR  *5  cms. 
Finally,  a  perfectly  rectangular  form  was  given  to  the  bar  by 
drawing  it  several  times  through  a  hole  in  a  plate  of  steeL  Each 
time  the  bar  was  heated  to  the  highest  temperature  by  a  very 
large  gas  blowpipe  fed  with  oxygen,  and  it  was  passed  through 
the  same  hole  until  a  force  was  no  longer  required  to  draw  it 
through  and  it  no  longer  underwent  a  sensible  elongation.  Each 
time  when  hammered,  rolled  or  drawn,  the  metal,  heated 
either  in  a  great  muffle  or  by  the  blowpipe,  was  cleaned  by  melted 
borax  and  by  concentrated  chlorhydric  acid.  The  rule  ought  to 
receive  from  the  makers,  MM.  Brtlnner,  the  high  degree  of  polish 
of  which  it  is  susceptible,  and  which  in  its  present  rough  condi- 
tion it  does  not  possess. 

M.  Devil le  in  commenting  on  this  communication  gave  the  fol- 
lowing result  of  an  analysis  of  a  portion  of  this  alloy :  Platinum, 
89-42;  iridium,  10*22;  rhodium,  *16;  ruthenium,  '10;  iron,  '06; 
total,  99*96.  The  density  computed  from  that  of  these  compo- 
nents was  21*515;  that  observed,  21*516.  A  second  analysis 
gave  by  computation  21*51;  by  observation,  21*508.  He  then 
exhibited  two  tubes  of  the  same  alloy  made  from  the  portion  cut 
off  from  the  bar  as  described  above.  These  tubes  are  closed  hy 
spherical  cups,  of  which  one  terminates  in  a  capillary  tube  which 
enables  the  interior  to  be  put  in  communication  with  Kegnanlt's 
manometer.  Each  of  these  tubes  is  more  than  a  meter  long  and  one 
of  them  has  a  capacity  of  over  a  liter.  This  is  to  serve  as  an  air  the^ 
mometer  for  the  determination  of  the  boiling  points  of  variooB 
liquids  under  known  pressures.  These  tubes  will  nave  on  their  sur- 
faces two  lines  a  meter  apart.  The  deviation  compai*ed  with  that 
of  the  second  tube  which  will  be  kept  in  ice,  will  enable  the  exact 
temperature  to  be  calculated.  This  will  carry  out  a  suggestion 
long  since  made  by  Regnault,  and  which  has  been  applied  to  the 
measurement  of  high  temperatures.  .  It  will  be  interesting  to 
apply  this  method  to  the  measurement  of  the  lowest  temperatures 
so  far  attained.  These  researches  have  an  important  bearing  on 
metrology.  All  substances  capable  of  being  tempered,  as  glass 
and  steel,  undergo  a  change  with  time.  Others  which  like  zinc 
crystallize  with  changes  of  temperature  also  change  with  time. 
Hyaline  quartz,  accordiuEf  to  Mr.  Wild,  appears  exempt  from  this 
change.  Does  the  platinum-iridium  act  like  steel,  zinc  or  quartz? 
This  question  will  be  solved  by  weighing  the  quantity  of  water 
which  one  of  these  tubes  will  contain  at  0®.  After  all  the  experi- 
ments in  which  the  temperature  will  be  varied  between  very  wide 
limits  the  capacity  of  the  tube  will  be  again  measured.  Each 
change  of  three  milligrams  in  the  weight  of  the  meter  will  repre- 
sent the  volume  of  the  tube  corresponding  to  a  change  of  one- 
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onsandtba  of  a  millimeter  in  the  distance  between  the  two  lines 
irked  on  the  tube. —  Comptes  Rendus,  Ixxxiii,  1090.      e.  c.  p. 

9.  t%lms  of  Water. — Mr,  Tylor  read  a  paper  before  the  Lon- 
•n  PhyBical  Society  on  the  cohesion  and  capillary  action  of  filmn 

water  under  various  conditions.  The  author  endeavors  to 
minate  the  action  of  all  forces  except  that  of  gravity  by  im- 
srsing  his  "  valves"  in  water.  The  models  which  he  exhibited 
nriated  of  glass  tubes  about  three  inches  in  diameter  and  six 
ohes  high,  filled  with  water  and  containing  each  a  piston,  which, 
1  being  raised,  was  capable  of  lifting  by  cohesion  a  heavy  mass 

metal,  the  nature  of  the  surfaces  in  contact  differing  in  the  sev- 
al  instruments.  From  experiments  with  them  he  concludes 
at  the  time  during  which  a  heavy  valve  can  be  supported 
pends  upon  the  size  of  the  surface  of  contact,  the  difference  of 
essure  within  and  without  the  moving  parts,  and  the  smooth- 
S8  of  the  valve.  On  the  contrary,  dry  bodies,  such  as  Whit- 
>rth^s  surface  planes,  will  adhere  for  an  indefinite  period.  Mr. 
^lor  considers  that  the  supporting  of  a  body  in  water  is  due  to  a 
fference  of  pressure  in  the  water  itself,  and  he  adduced  Giffard's 
jector  as  showing  that  such  differences  can  take  place.  He  has 
so  studied  the  form  of  a  drop  of  water  at  a  tap,  and  considers 
at  when  a  fly  walks  on  a  ceiling  its  weight  acts  in  the  same 
anner  as  the  heavy  valves  in  the  models  exhibited. — Na^titre^  xv, 
1.  E.  c.  p. 

10.  Fog-Signals. — Prof.  Henry  at  the  recent  meeting  of  the 
nited  States  National  Academy  communicated  some  additional 
ots  obtained  in  his  long-continued  and  elaborate  researclies  con- 
rning  sound  in  relation  to  fog-signals.  His  principal  iuvestiga- 
>n  this  year  had  reference  to  the  divergence  of  sound,  especially 
.  to  the  phenomenon  known  as  the  Ocean  Echo.  To  test  the  ex- 
anation  given  by  Prof  Tyndall,  requiring  reflection  from  the 
r,  the  trumpet  of  a  siren  was  turned  directly  to  the  zenith.  The 
ast  was  exceedingly  intense,  but  no  echo  was  heard  from  the 
"olongation  of  the  axis  of  the  trumpet,  i.  e.,  from  the  zenith. 

loud  echo  was,  however,  heard  from  the  whole  circumference 
'  the  horizon,  half  of  which  was  on  land,  the  other  half  on  water, 
his  was  repeated  many  times,  and  always  with  the  same  result. 
\  one  case  a  small  cloud  passed  directly  across  the  zenith,  from 
hich  a  few  drops  of  ram  fell  into  the  mouth  of  the  trumpet ; 
ill  no  sound  was  heard  from  the  zenith,  although  sound  con- 
Dued  to  be  heard  from  around  the  horizon.  In  this  case  on  ac- 
mnt  of  the  divergence  of  the  sound,  portions  of  waves  in  every 
section  must  have  descended  to  the  horizon,  and  as  some  of 
lese  must  have  reached  the  plane  of  the  ocean  in  a  path  curv- 
g  inward  toward  the  source  of  sound,  they  would,  when  they 
ached  the  ear  of  the  observer  in  the  vicinity  of  the  source,  seem 
I  if  coming  from  a  point  in  the  horizon,  and  hence  Would  give 
se  to  the  phenomenon  of  the  ocean  echo.  Rays  of  sound  at  dif 
rent  distances  from  the  ear  could  be  reflected  from  the  surface 
■  the  ocean  and  thus  give  rise  to  a  prolonged  echo.     This  is  in 
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accordance  witb  the  fact  observed  daring  last  anniiner,  that  a 
blast  of  five  seconds'  duration  ^ave  an  echo  that  was  prolonged 
twenty  seconds.  This  could  only  be  produced  by  ordinary  re- 
flection from  a  series  of  surfaces  placed  at  different  distances,  an 
arrangement  of  the  material  of  the  atmosphere  which  (on  the  doe- 
trine  of  probabilities)  would  not  be  of  frequent  occurrence. — 
Nature^  xv,  1 29.  e,  c.  p. 

11.  The  Siphon  Recorder  and  Automatic  Curb  Sender, — An 
illustrated  article  showing  the  practical  as  well  as  the  theoretical 
construction  of  these  instruments  appears  in  Nature  for  Nov.  80^ 
1876  (xv,  101).  For  some  time  after  the  introduction  of  subma- 
rine telegraphy  the  mirror  galvanometer  was  the  only  instrumeDt 
delicate  enough  to  receive  the  messages  transmitted  through  a 
long  cable.  The  clerks  must  here  read  the  message  liy  watching 
the  deviations  of  a  spot  of  light  from  side  to  side.  The  siphon- 
recorder  serves  to  draw  a  sinuous  line  by  which  the  message  is 
recorded  in  permanent  form.  The  speed  of  sending  will  be  greatly 
increased  by  sending  after  each  current  a  second  in  the  opposite 
direction.  This  is  effected  by  the  curb-sender.  Three  rows  of 
holes  are  punched  in  a  long  strip  of  paper,  the  central  row  serving 
to  carry  the  paper  through  the  machine  and  the  row  on  one  side 
corresponding  to  the  dots  or  positive  currents,  that  on  the  other 
to  the  lines,  or  negative  currents.  When  the  paper  passes  through 
the  machine  it  receives  by  clock-work  a  uniform  motion.  Two 
prickers  are  placed  so  as  to  correspond  to  the  two  outer  rows  of 
holes.  When  a  hole  passes,  the  corresponding  pricker  falls  into 
it,  and  in  so  doing  lifts  a  spring  through  an  opening  in  the  rim  of  a 
revolving  wheel.  The  spring  being  caught  in  the  rim  of  the 
wheel  is  obliged  to  remam  there  until  the  wheel  makes  one  com- 
plete revolution  and  the  opening  in  the  rim  returns  to  free  it 
The  wheel  makes  one  revolution  while  one  space  passes  the 
pricker.  When  the  spring  is  lifted  into  the  rim  of  the  wheel  it 
makes  connection  between  the  battery  and  another  set  of  springs, 
by  which  a  current  is  sent  through  the  cable,  and  shortly  afier  it 
a  second  current  is  sent  in  the  opposite  direction.  The  currents 
are  reversed  when  the  other  pricker  acts.  b.  c.  p. 

IL   Geology  and  Mineralogy. 

1.  Report  on  the  IVansportation  route  aiong  the  Wisconsin  and 
JFbx  Rivers  in  the  State  of  Wisconsin^  between  t/ie  Mississippi 
River  and  Lake  Michigan;  by  Gouvebneur  BL  Warren, 
Major  of  Engineers  and  Brevet  Major  General,  U.  S.  Army.  114 
pp.  8vo,  with  many  maps.  Senate  Ex.  Document,  No.  28,  44th 
Congress.  Washington,  1676. — General  Warren's  Report  gives, 
first,  a  history  of  geographical  knowledge  and  surveys  respecting 
this  old  transportation  route,  then  an  account  of  the  work  that 
has  been  done  by  him  or  under  his  direction.  We  take  the  fol- 
lowing facts  from  it. 

The  two  streams — the  Fox  River  which  joins  Lake  Michigan  at 
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lead  of  Green  Bay,  and  the  Wisconsin,  which  empties  into 
iississippi  at  Prairie  du  Chieu,  come  within  a  mile  and  a  half 
le  another,  at  bends  in  each,  near  Portage  City,  where  a 
lie  ridge  lies  near  the  surface.  The  summit  of  this  Portage 
n  is  about  218  feet  above  Lake  Michigan,  and  188  above  the 
asippi,  and  the  summit  of  this  water  level  208^  and  178^ 
The  stream  from  Portage  eastward  (Fox  River)  passes 
Lgh  Lake  Winnebago  (besides  three  smaller  lakes),  with  a 
tnt  of  89  feet,  and  then  plunges  down  the  remaining  169^ 
fclong  a  limestone  gorge  whose  sides  are  fifty  fee:;  or  less  in 
It. 

e  region  of  Lake  Winnebago  is  bordered  on  the  west  by  a 
dluvial  plain,  partly  marshy,  which  is  represented  on  a  map 
etching  thiily  miles  west,  ami  then  extending  in  broad  areas 
north  along  Wolf  River,  and  southwest  along  the  Upper  Fox 
rd  Portage,  and  hence  as  including  the  other  small  lakes  of 
oute.  General  Warren  explains  the  origin  of  these  features 
le  view  that  the  whole  alluvi<al  area  was  originally  a  lake ;  at 
b  time  the  waters  drained  off  over  the  low  granite  ridge  at 
ige  through  the  Wisconsin  River  to  the  Mississippi. 
e  height  of  this  divide  now  existing  at  Portage  is  only  a  few 
so  that  the  westward  flow  would  have  necesnarily  taken  place 
the  waters  at  the  height  required  to  make  the  lake.  After- 
there  was  a  subsidence  to  the  northeastward  which  deter- 
d  the  flow  in  that  direction  (where  the  loose  material  easily 
way,  while  granite  resisted  wear  in  the  opposite  course) 
I  the  limestone  slope,  toward  Green  Bay,  making  thus  the 
*r  Fox  River  channil.  That  this  subsidence  occurred  after 
rlacial  period  is  stated  to  be  shown  by  the  absence  of  glacial 
irom  the  alluvial  plain. 

e  facts  are  of  the  highest  interest  because  they  tend  to  prove 
the  subsidence  of  the  Champlain  period  (that  following  the 
al),  so  well  sustained  for  the  eastern  part  of  the  Continent,  in 
igher  latitudes,  by  facts  along  the  coast  of  New  England, 
ador,  and  regions  farther  north,  and  also  on  the  shores  of 
Champlain  and  the  St.  Lawrence,  actually  affected  also  the 
ior  of  tne  Continent,  for  which  it  is  so  difficult  to  find  evidences 
ange  of  level. 

neral  Warren  obtained  the  same  proofs  of  a  northward  sink- 
for  the  Champlai]!  period,  in  the  region  between  the  Upper 
ssippi  and  Lake  Winnipeg.  (See  his  Memoir  on  the  Valley  of 
linnesota.)  He  showed,  by  the  facts,  that  Lake  Winnipeg  had 
had  a  veiy  great  expansion  and  then  had  discharged  south- 
by  Minnesota  River  valley ;  but  that  afterward,  subsequent 
e  Glacial  period,  a  change  of  level  in  the  land  had  taken 
by  a  subsidence  to  the  northward,  or  a  subsidence  that  was 
vely  greatest  in  that  direction,  which  turned  their  course 
;he  present  outlet  toward  Hudson's  Bay. 
addition.  General  Warren  observed  that  the  southward  dis- 
je  of  Lake  Winnipeg  must  have  been  determined  by  a  previ- 
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ous  rising  of  the  land  to  the  north  (as  referred  to  in  a  notice  of 
his  report  in  this  Journal,  vol.  ix,  p.  313);  thus  sustaining  the 
idea  of  an  elevation  of  the  interior  of  the  Continent  at  the  opening 
of  the  Glacial  period,  and  an  elevation  which  was  greatest  to  the 
north.  These  conclusions — an  elevation  increasing  in  amount 
northward,  followed  after  the  Glacial  period  by  a  subsidence  in- 
creasing northward — were  reached  without  reference  to  any  pre- 
conceived hypothesis. 

ISand'bars. — Gen.  Warren  also  describes  with  detail  the  form  and 
structure  of  the  sand-bars  in  the  Wisconsin  River,  giving  facts  that 
are  of  general  geological  interest.  1'he  surface  ot  these  bars  has 
a  gradual  pitch  up  stream,  and  a  steep  front  down  stream — as  m 
a  ripple  mark.  The  sands  are  dropped  where  there  is  still  water 
along  the  shores,  but  the  larger  part  in  the  still  water  on  the 
down-stream  edge  of  the  bars,  thus  building  up  this  ed^e  toward 
the  water's  surface.  The  sand,  where  the  current  is  stroo^, 
*'  is  moved  along  the  gentle  slope  of  the  upper  side  till  the  crest  is 
reached,  when  it  falls  over  and  stops  in  the  still  water  below." 
The  bar  thus  grows  and  becomes  more  convex  in  its  down-stream 
outline.  Such  sand-bars  have  a  chaimel  of  deep  water  either 
side,  and  also  tend  to  make,  by  acting  as  a  dam  at  the  low-water 
stage  of  the  stream,  large  areas  of  deep  still  water  above  them. 
The  changes  in  the  current  produced  by  the  growth  of  the  hars 
and  the  greater  changes  from  change  of  level  in  the  river  by 
floods,  produces  frequent  changes  in  the  bars,  so  that  they  are  not 
the  same  in  position  from  year  to  year.  At  very  low  water,  the 
bars  may  be  mostly  dry,  with  windmg  narrow  channels  of  water 
among  them.  This  tends  to  improve  the  navigation  for  the  time; 
but  a  rise,  if  small  and  temporary,  sends  the  water  across  these 
channels  and  fills  them  up. 

The  sand-bars  made  in  the  Mississippi  by  the  discharge  of  the 
Wisconsin  are  of  great  extent.  Besides  pushing  the  deep  water 
channel  to  the  west  shore,  they  act  as  a  dam  and  make  an  area  of 
relatively  still  water  above,  thus  causing  good  navigation  above 
the  junction  and  bad  below — a  common  fact  at  junctions  in  the 
rivers  of  the  Mississippi  basin.  The  Wisconsin  River  flows  from 
a  region  of  much  less  summer  rain  than  the  Mississippi,  and  is 
oflen  at  low-water  stage  when  the  latter  is  high ;  and  hence  it  is 
made  very  shoal  by  sand-bars  formed  in  its  mouth. 

The  sands  of  the  Wisconsin  River  bars  are  almost  purely  sili- 
ceous, and  come  from  the  drift  deposits  bordering  its  course.  The 
specific  gravity,  **  excluding  voids,"  of  two  specimens  from  dif- 
ferent parts  was  2*6^92  and  26667.  For  comparison  the  specific 
gravity  of  other  sands  was  obtained,  as  follows:  at  St.  Paul, 
Minnesota,  on  the  Mississippi,  2*6397 ;  at  Rock  Island,  Dlinois, 
2-6106;  at  Saybrook  Bar,  mouth  of  Connecticut  River,  2-6406;  at 
Block  Island,  R.  I.,  2*6392;  at  Newport,  R.  L,  2*6563.  The 
Report  also  compares  different  sands  as  to  proportional  fineness, 
giving  the  proportion  that  passed  through  sieves  of  difiereot 
grades ;  and,  also,  as  to  the  changes  in  volume  in  different  sands 
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dne  to  wetting  when  loose  and  packed.  The  loose  sands  of  the 
Wisconsin  River  shrink  in  volume  *0146,  and  '0197  (two  speci- 
mens); while  that  of  Saint  Paul  shrinks  '0695;  that  of  Block 
Island,  R.  I.,  -0788,  and  that  of  Newport,  R.  L,  -1352.  These 
investigations  of  different  sands  were  made  in  order  to  ascertain 
the  reason  why  the  Wisconsin  sands  are  "  easily  moved  " 

2.  Ice  icork  now  gohtg  on  in  Newfoundland. — Mr.  S.  Milne 
gives  many  valuable  facts  on  modern  ice- work  in  Newfoundland 
m  a  paper  in  the  Geological  Magazine  for  September  last,  from 
which  the  following  are  here  cited. 

Ice  forms  on  the  shores  from  the  spray  and  occasional  snows, 
envelopin<^  and  thus  grasping  firmly  the  stones  and  bowlders 
beneatn,  and  attaining  considerable  thickness ;  and  when  a  north- 
em  pack  strikes  it,  it  is  pushed  up  shore,  sometimes  to  a  distance 
of  a  hundred  yards.  In  the  movement  the  rocky  surfaces  beneath 
are  polished  and  scratched  in  a  style  precisely  like  the  work  of 
glaciers.  The  breaking  away  of  the  pack  near  the  water  line 
leaves  the  stranded  ice  with  a  thick  front  called  by  the  fishermen 
a  baiacada^  a  corruption  probably  of  hanicadu  of  the  Spanish. 
This  shore  ice,  with  its  cargo  of  bowlders,  stones  and  gravel,  is 
often  drifted  off  as  the  tide  rises,  and  especially  when  a  land 
breeze  favors;  and  great  lines  of  bowlders  off  the  shore  are  thus 
made.  In  the  same  way  the  cables  and  anchors  left  on  the  shore 
have  sometimes  been  carried  off, — ^to  the  regret  of  the  fishermen. 

The  blows  made  by  the  coast-ice  when  driven  up  the  land,  or  by 
the  floating  ice  when  pushed  ashore,  have  immense  power  and  do 

freat  execution  on  the  rocky  bluffs.  Scoresby's  calculation,  that  the 
low  produced  by  one  of  tne  immense  ice-fields  is  equal  to  that  of 
10,000,000,000  tons,  affords  an  idea  of  the  tbrce  of  the  impact  in 
many  cases,  and  aids  us  in  realizing  the  greatness  of  the  work  of 
coast  degradation  carried  on  in  every  cold  season  by  the  reiterated 
strokes. 

3.  The  Olaciation  of  the  Shetland  Isles. — In  the  Geological 
Magazine  for  May  and  June,  1870,  my  colleague.  Dr.  Croll,  first 
pointed  out  that  the  Scotch  and  Scandinavian  ice-sheets  probably 
iinite<l  on  the  floor  of  the  North  Sea,  and  thence  moved  westward 
toward  the  Atlantic.  He  was  led  to  this  conclusion  by  a  con- 
sideration of  the  peculiar  direction  of  the  striae  in  Caithness,  in 
Shetland,  and  the  Faroe  Isles,  as  well  as  by  the  occurrence  of 
marine  shells  in  the  bowlder  clay  of  the  northern  parts  of  Caith- 
ness, fie  showed  that  the  enormous  mer  de  ylice  which  pressed 
out  on  all  sides  from  Scandinavia  forced  its  way  close  to  the 
Scotch  coast-line,  and  in  virtue  of  its  greater  size  produced  a 
slight  deflection  of  the  Scotch  ico,  causing  it  to  over-ride  portions 
of  the  main  land.  He  stated  that  in  all  likelihood  botli  the  Shet- 
land and  the  Faroe  Isles  were  over-topped  by  the  Scandinavian 
ice  in  its  onward  march  toward  the  Atlantic. 

During  a  recent  traverse  in  Shetland  1  obtained  evidence  which 
tends  to  strengthen  this  remarkable  theory.  In  the  north  island 
of  Unst,  the  direction  of  the  striae,  the  bowlders  on  the  surfo^Q^^ 
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and  the  stones  in  the  till,  clearly  indicate  that  this  island  wis 
glaciated  by  a  mass  of  ice  moving  from  east  to  west.  The  proofs 
of  continental  glaciation,  which  are  comparatively  clear  m  the 
north,  are  obscured  in  a  great  measure  in  the  main  island  by  the 
effects  of  a  local  ice-sheet.  The  nature  of  the  bowlder  c^ay,  as  well 
as  the  trend  of  the  striae  in  various  localities,  show  that  the  move- 
ment of  this  local  sheet  was  influenced  by  the  general  features  of 
the  country.  In  addition  to  these  markings,  however,  others  were 
found  which  could  not  have  been  produced  by  ice  shedding  off  the 
land  in  the  ordinary  way.  These  ctoss  the  island,  regardless  of 
its  physical  features,  and  are  often  at  right  angles  to  the  newer 
set.  Lastly,  the  wide  distnbution  of  morainic  matter  with  groups 
of  moraines  indicate  the  gradual  disappearance  of  the  local  ioe- 
sheet  and  the  presence  of  small  glaciers,  where  the  ground  pre- 
sented favorable  conditions  for  their  development. 

The  islands  are  dotted  over  with  small  lochs;  the  most  of  these 
lie  in  peat  or  drift,  while  others  occupy  true  rock  basins.  The 
singular  absence  of  marine  terraces  ought  not  to  escape  notice,  as 
beaiing  on  the  recent  geological  history  of  these  islands,  since  the 
voes  or  sea-lochs  are  admirably  adapted  for  their  preser\'ation. 

These  observations  will  be  described  in  detail  in  a  forthcomiog 
paper  before  the  Geological  Society.  Johx  Horke. 

— Nature^  Dec.  14,  1876. 

4.  Note  on  the  relations  of  Balanus  Eatrellanus  of  the  California 
3{iocene  ;  by  T.  A.  Conrad.  (From  a  letter  to  J.  D.  Dana,  dated 
Philadelphia,  Dec.  4,  1876.) — Some  time  ago  I  wrote  you  for 
your  opinion  of  the  propriety  of  classing  Balanys  EBtrellanns  (Tor 
miosonia  gregaria)  with  the  Rudiatop,  It  seemed  so  strange  to  me, 
that  a  member  of  the  Budiatce  should  be  in  Miocene  strata,  that  I 
have  recently  studied  its  characters  anew,  and  find  it  to  be  a  true 
lialanuSy  and  I  think  you  will  agree  with  me,  if  you  consult  the 
figure  and  description  of  IS.  kevis  figured  in  Darwin's  Monograph, 
pi.  4,  fig.  2.  In  that  figure  the  basis  exhibits  septa  of  the  precise 
character  of  B,  Eatrellanua ;  besides,  the  loss  of  the  basis  shows 
the  same  structure  as  other  Balani,  but  the  opercular  valves  are 
not  preserved.     Mr.  Gabb  fully  agrees  with  my  determination. 

I  have  also  had  occasion  to  restrict  the  number  of  genera  which 
were  supposed  to  be  common  to  Cretaceous  and  Eocene  strata. 
Thus  I  eliminate  the  genus  Ctictdlcea  from  the  Cretaceous  fauna, 
it  being  represented  by  Idonearca,  I  think  also  that  Tngonia 
died  out  at  the  close  of  the  Cretaceous ;  for,  of  the  many  species 
known,  none  had  ribs  radiating  from  the  beak,  like  a  Vardium^ 
and  being  unknown  in  Eocene  strata;  when  the  allied  genus 
appears  in  the  Miocene  and  recent  fauna  it  assumes  the  radiated 
structure.  I  also  exclude  from  the  Cretaceous  fossils  the  following 
genera  of  Veneridte :  Callista^  Caryatits^  Dione^  GhrattUmpea^ 
Cryptogramma^  Ciree^  Dosenia^  Mercenaria^  "Pent/*,  etc.,  retain- 
ing only  AphrodinOy  Cyclothyris^  Baroda^  and  Dosiniopsis.  Some 
genera,  as  CardiwHy  Pecten^  Badula^  Ostrea^  Anomia^  SpondyhOy 
Axincea^  TurrtteUa^  etc.,  were  continued  from  Cretaceous  strata  to 
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be  recent  period,  but  I  have  not  yet  made  out  a  list  of  all  the 
extinct  genera.  As  it  is  interesting  to  note  the  occurrence  of  cor- 
espondiug  extinct  genera  in  America  and  India  of  the  same  Cre- 
juseons  horizon,  I  would  remark  that  in  Stoliczka's  Paleontology 
)f  Southern  India,  figs.  1  to  6,  pL  vi,  represent  the  genus  Cyclo- 
'AyriSy  though  referred  to  Cvdatneria  by  Btoliczka ;  and  figs.  1 7- 
L9  (Cytheria  Stol.)  belong  to  Aphrodina  Con.  Both  of  these 
genera  are  common  in  North  Carolina. 

5.  Stromntopora, — In  the  number  of  the  Annals  and  Magazine 
rf  Natural  History  for  January,  Stromatopora  concentrica  is  pro- 
loanced  a  Sponge  in  a  paper  on  a  new  genus  of  C/retaceous  Hex- 
lotiuellid  Sponges,  by  W.  J.  Sollas.  A  second  paper,  by  H.  J. 
Carter,  treats  of  tlie  close  relationship  of  JEEydractinia^  Parkeria^ 
ftod  Stromatopora^  thus  making  the  genus,  or  part  of  it,  Hydroid  in 
its  relations,  and  so  removing  it  far  from  the  Protozoans. 

6.  Geological  Survey  of  Victoria.  Meport  of  Progress^  by  R. 
Bbough  Smyth. — The  most  important  Report  in  this  volume  is  a 
long  one  on  the  Devonian  rocks  of  North  Gippsland,  by  A.  W. 
Howitt. 

7.  JFossil  JEUephant  in  Washington  Territory ;  by  Wm.  O.  Matz- 
axB.  (From  a  letter  dated  Daytown,  Washington  Territory,  July 
8,  1S76.) — The  bones  include  a  pelvis,  jaw  bone,  tusk,  and  others. 
The  pelvis  measures  5  feet  10  mches  across  its  widest  part,  and 
the  tusk  is  10  feet  long.  The  jaw  bone  is  two  feet  wide,  and  has 
one  tooth  on  a  side,  measuring  at  top  ten  inches  by  three.  The 
discoverer  thinks  that  he  has  found  portions  of  at  least  five  indi- 
viduals. 

8.  Mesozoic  Fossils^  VoL  I;  Geological  Survey  of  Canada. 
Part  L  On  same  Invertebrates  from  the  coal-hearing  rocks  of  the 
Queen  Charlotte  Islands^  collected  by  J.  Richardson  in  1872 ;  by 
J.  F.  WnrrEAVES.  92  pp.  8vo,  with  10  plates  of  fossils,  and  a 
map. — ^The  Queen  Charlotte  Islands  lie  just  to  the  north  of  Van- 
couver Island.  The  fossils  are  in  general  too  imperfect  for  satis- 
factory identification.  They  include  a  large  proportion  of  species 
of  the  Ammonite  family.  They  have  some  Oolitic  affinities,  while 
^  at  least  one  or  two  are  known  to  be  Cretaceous,''  and  indicate  a 
relation  in  the  beds  rather  to  the  Shasta  Group  (Lower  Cretace- 
ous) of  Calitbrnia  and  of  British  Columbia,  than  to  the  Cretaceous 
of  Vancouver,  or  the  Chico  group  of  California.  No  Vancouver 
species  is  found  among  them.  They  may  belong  just  below  the 
Cretaceous.  Out  of  the  42  species  of  Mollusks,  three — Ammonites 
Brewerii^  A,  Stoliczkanus  and  Aucella  Piochii^  are  well-known 
California  Cretaceous  fossils. 

9.  Miocene  in  Southern  New  Guinea. — Mr,  C.  S.  Wilkinson, 
of  the  Geological  Survey  of  New  South  Wales,  after  an  examina- 
tion of  specimens  obtained  in  New  Guinea  by  William  MacLcay, 
Esq.,  announces  the  occurrence  of  Calcareous  cljwft  and  other  beds 
from  Hall's  Sound,  which  are  of  the  Lower  Miocene^ — a  fact  of 
much  interest  since  no  marine  Tertiary  beds  have  yet  been  re- 
ported from  Eastern  Australia,  while  they  are  found  In  Victoria 
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and  South  Australia.  Professor  M'Coy,  as  Mr.  Wilkinson  states, 
has  shown  that  the  Miocene  fossils  of  Southern  Australia  were 
closely  related  generically,  and  even  specifically  to  those  of  many 
parts  of  Europe  and  America.  The  New  Guinea  species  are 
mostly  identical  with  those  of  Victoria.  They  include  Voluta 
nHti'Cingulata ^  species  of  Ostrea^  Cythenp.a^  VraraateUa^  Pecten^ 
Turritella,  AstartCy  Corbula^  Leda^  Venus^  CypriBa^  and  other 
genera.  Mr.  Wilkinson  makes  the  following  concluding  observa- 
tions : 

The  discovery  of  these  Miocene  beds  on  the  southern  coast  of 
New  Guinea  is  one  of  considerable  importance.  Their  occurrence, 
I  believe,  suggests  the  former  land-connection  of  New  Guinea 
with  the  Australian  continent,  and  this  belief  is  further  borne  out 
by  the  fact  of  the  shallowness  of  the  intervening  sea. 

From  geological  data  it  is  believed  that  this  continent  [Aus- 
tralia] has  not  been  submerged  to  any  great  extent,  aince  the 
Lower  Pliocene  period;  and  we  know  that  it. has  risen  a  little 
since  the  Upper  Pliocene  epoch,  at  least  in  Victoria,  for  the  lava 
flows  of  that  age,  now  forming  the  Werribee  Plains,  were  syih 
marine  flows.  And  Mr.  Daintree,  formerly  government  geolo- 
gist of  Queensland,  shows,  in  his  pamphlet  on  the  Geology  of 
Queensland,  that  little  upheaval  of  this  portion  of  Australia  has 
taken  place  since  the  volcanic  outbursts  of  a  late  Tertiary  epoch. 
Now,  It  is  in  the  Upper  Pliocene  or  Pleistocene  deposits  [or  Qua- 
ternary] that  are  found  the  remains  of  the  gigantic  marsupials — 
Diprotodon^  Macropi/s  titan^  Nototherium^  and  others;  and,  as 
their  allied  representatives  now  occupy  both  Australia  and  New 
Guinea,  it  is  not  improbable  that  those  gigantic  animals,  whose 
bones  are  found  in  Northeni  Queensland,  also  roamed  in  both 
those  countries.  And  farther,  as  the  luxuriant  vegetation  and 
climatic  conditions  which  we  suppose  to  be  favorable  for  the  sup- 
port of  those  immense  marsupials,  still  exist  in  New  Guinea,  is  it 
rash  to  conjecture  that  some  of  these  large  creatures  may  not  be 
living  there  at  the  present  time  ?  Farther  researches  may  prove 
this. 

10.  Recherches  sur  lea  Foaailes  Paleozoiques  de  la  NouvdU  OaUes 
du  Slid  (Australie) ;  par  L.-G.  de  Koninck,  D.M.  140  pp.  8vo, 
with  at  atlas  in  4to.  Bruxelles.  1870.  (Mem.  Soc.  Roy.  des 
Sci  de  Liege.) — This  paper  contains  descriptions  and  figures  of 
many  Australian  species,  and  of  them  a  considerable  number  are 
identical  with  those  of  its  antipodes,  Europe  and  Britain,  or  of 
North  America.  Among  the  latter  from  Silurian  bods,  are  Hidy- 
sites  escharoideSy  Alveolites  repens^  Favosites  crUtata^  F.  Fhrbeiiy 
F.  aspera^  F,  fibrosa^  F.  Gothlandica  ;  Chonetes  striatella^  Leptcma 
quiftquecostata,  JL,  compressa^  iStrophomena  pecten^  S,  rhoniboida- 
liSy  PerUamerus  Knightii^  P.  oblongus^  Orthis  camdleidfita^ 
Atrypa  reticular is^  A,  hentisphmrica^  Spirifer  crisfms,  Meristella 
tumida ;  Pterinea  ampliata^  Orthoceras  ibex^  Cheirurns  insig- 
nis,  Encrinurue  punctatus^    Calymene  Blumenbachiiy   Pronteus 
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\Mrtsehii^  Harpea  tmgula^  and  others ;  and  there  ai*e  as  many  from 
le  later  Paleozoic.  The  author  hence  confinns  the  conclusion 
^pressed  by  McCoy,  with  regard  to  the  general  specific  identity 
f  the  marine  fauna  of  the  two  hemispheres  in  the  Silurian  age, 
nd  extends  it  to  all  Paleozoic  time,  including  the  Carboniferous 
ge,  so  that  we  may  say  that  ''  the  entire  marine  Paleozoic  fauna 
ras  subjected  to  the  same  general  influences."  The  species  occur 
3  many  cases  of  larger  size  than  in  Europe  or  America.  Prof,  de 
[oninck  states  that  ne  was  mainly  indebted  for  the  specimens  he 
as  described  to  the  Rev.  W.  B.  Clarke,  who  has  long  worked  in 
lustralian  Geology. 

11.  On  the  Syenitic  mountains  of  Ditro^  arid  the  Trachytic^ 
TargiUa^  near  Budoech  in  Eastern  Transylvania^  with  observa- 
Ions  on  the  Auriferous  Districts  of  Vdrospatak  and  Nagyag^ 
Y  Prof.  G.  voM  Kath.  55  pp.  8vo.  Bonn,  1876. — The  Syenitic 
loantains  of  Ditro,  described  by  Prof  vom  Kath,  extend  from 
iyergyo  Szt.  Miklos  to  Szarhegy  and  Ditro,  having  a  length  of 
irenty  to  twenty-one  kilometers  and  a  breadth  of  seven  to  eight. 
liey  consist  mainly  of  "  nepheliiie-syenite"  miascyte^  and  "  soda- 
ite-6yenite  "  or  ditroyte.  The  former,  which  is  the  predominating 
ock,  consists  of  a  gray  to  greenish-gray  nephelite  (elaeolite),  white 
rthoelase  and  oligoclase,  black  hornblende  with  some  biotite, 
ircon,  sphene,  magnetite,  and  pyrite,  and  is  either  coarse  or  fine 
gained.  The  el»olite  is  in  grains  and  occasionally  in  masses  two- 
birds  of  an  inch  through.  The  miascyte  graduates  into  the 
iitroyte,  or  a  rock  containing  blue  sodahte  and  sometimes  can- 
rinite  and  pyrochlore  in  addition  to  the  ingredients  of  the  mias- 
yte.  The  orthoclase  of  the  ditroyte  gave  Prof  vom  Rath  the 
>xygen  ratio  1*018  :  3  :  11*438;  and  the  blue  sodalite  was  found 
>y  him  to  consist  of 

gi  3S-66,  Si  32-61,  Ca  0-96,  t  104,  Sa  13-28,  Na  3-93,  fl  236,  Q  6-08. 

n  these  mountains  there  is  also  a  reddish  quartzless  syenyte-like 
ock,  consisting  of  a  reddish  orthoclase,  black  biotite  and  hom- 
ilende  with  some  yellow  sphene. 

Prof  vom  Rath  describes  in  this  paper  also  the  trachytic  rocks 
>f  the  vicinity  and  their  relations,  giving  analyses  of  the  andesite 
>r  plagioclase  feldspar;  and  then  discusses  the  auriferous  region 
ind  rocks  of  V&rdspatak  and  the  auriferous  tellurium  regions  of 
^agyag  (pronounced  Nadj-&k).  In  the  Y5r&spatak  region,  as 
lited  from  Grimm,  the  gold-bearing  rocks  are:  (1)  the  Carpathian 
andstone  referred  to  the  Eocene  containing  beds  of  argil lyte,  and 
laving  vertical  ore-bearing  veins ;  (2)  a  feldstone-porphyry,  which 
s  stated  to  be  an  eruptive  rock,  containing  quartz  in  numerous 
ind  large  dihexahedral  crystals;  and  (3)  a  "porphyritic  sand- 
tone  newer  than  the  Carpathian,  which  is  accompanied  by  a 
rystalline  slate,  and  sometimes  becomes  a  breccia,  and  is  inter- 
ected  by  numerous  small  veins  of  quartz  and  pyrite. 

12.  ^"^  Greenstones^^  of  Western  Cornwall ;  J.  Arthur  Phillips, 
Ssq.  (Q.  J.  Geol.  Soc,  May,  1876.) — ^This  paper  has  special 
Dterest  on  account  of  the  various  opinions  with  regard  to  the 
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relations  of  diorytes  and  other  "  greenstones."  Tlie  rooks  which 
it  describes  are  greenish  Alates,  greenish  crystalline  rocks  without 
a  trace  of  lamination,  into  which  the  slates  pass  by  gradoal  or 
abrupt  transitions,  and  also  killas  or  clay-«late.  The  kinds  of 
greenstone  least  metamorphic  consist,  as  seen  in  thin  seetions 
under  the  microscope,  of  a  plagioclase  feldspar,  augite  or  diallage, 
mao^netic  titanic  iron,  with  occasional  specks  of  pyrite,  and  also  a 
little  apatite,  and  with  rarely  flakes  of  brown  mica,  some  horn- 
blende, and  a  chlorite.  The  more  altered  kinds  have  a  semi- 
transparent  base,  through  which  hornblende  and  the  chlorite  are 
thickly  disseminated ;  and  in  it  there  are  green  psendomorphi 
after  augite,  and  faint  outlines  of  feldspar  crystals.  In  some  placer 
there  are  large  crystals  of  the  feldspar,  yet  with  the  augite 
changed  to  hornblende  and  chlorite.  The  material  of  the  inter- 
secting veins  is  the  same,  except  that  it  contains  a  little  more 
green  hornblende.  In  other  places  the  augite  is  but  slightly 
altered,  while  the  feldspar  crystals  appear  merged  in  a  colorless 
slightly  opaque  base,  which  shows  famtly  the  outlines  of  the  feld 
spar  crystals. 

Four  different  varieties  of  the  greenstones  afforded  on  analysis: 

I.  II.         ni.         rv. 

Silica  4632  4722  43-48  4726 

Alumina 1818  1985  18-60  21-64 

Ferric  oxide 0-82  1*01  3-68  3*97 

Ferrous  oxide- 10*92  987  11-38  8*92 

Manganous  oxide trace  trace  trace  trace 

Magnesia 7*46  6*30  601  402 

Lime 9-32  1018  1231  601 

Potash 2-07  1-12  1-12  1-91 

Soda 2-95  213  1-69  3-77 

Phosphoric  acid 0-62  0*95  trace  0*33 

Water,  hygrometric  {  024  0-21  0-22  0*29 

combined )  076  0*80  117  192 

Pyrite 0-32  017  trace  trace 

99-88  99-81  99*66         100  04 

Specific  gravity 3-02  297  3*01  2*98 

No.  1  is  greenish  and  crystalline,  and  consists,  as  shown  micro- 
scopically, mainly  of  augite  and  feldspar,  the  former  predomi- 
nating, with  some  chlonte,  brown  and  green  hornblende,  and 
magnetite ;  and  came  from  north  of  St  Peter's  Vicarage  in  Tol- 
carn.  No.  2,  from  Tolcarn  Quarry,  resembles  No.  1,  but  is  of 
lighter  color,  and  consists  of  feldspar  with  altered  augite,  chlorite, 
magnetite  partly  replaced  by  a  greenish-gray  mineral,  and  apatite. 
No.  3,  from  Tolcarn  Quarry,  is  very  fine-grained  crystalline,  sage- 
green  in  color,  and  consists  chiefly  of  hornblende  and  altered 
feldspar  and  chlorite,  the  augite  being  replaced  by  hornblende 
and  chlorite.  No.  4,  from  Chapel  Rock  ("which  rests  on  slate"), 
is  crystalline  and  greenish-gray,  somewhat  felsytic  in  appearance 
and  consists  of  a  feldspar  base,  with  crystals  of  feldspar,  hornblende 
in  angular  patches  replacing  augite,  chlorite,  apatite,  magnetite. 

With  these  rocks  occur  fine-grain  crystalline  slaty  kinds,  which 
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graduate  into  killas  or  olay-fslate.  These  slaty  crystalline  rocks 
are  bluish-green  to  greenish-gray ;  and  the  slaty  structure  is  some- 
times wanting.  They  consist  largely  of  hornblende  in  minute 
acicular  crystals,  with  some  chlorite,  and  not  unfrequently  a 
slightly  opaque  base,  and  with  occasional  patches  of  quartz,  and 
flometimes  mag^netite.  An  average  slaty  kind  of  a  dark  color 
gave  on  analysis  the  results  in  column  A  below.  A  rock  ol  grayer 
color,  similarly  homblendic,  containing  much  magnetite,  aObrded 
the  results  in  column  B. 

A  B  C  D 

^ica 37-44  6051  37*63  48*41 

Alumina 16*32  19*69  1716  17*02 

Ferric  oxide 7*33  1*28  7*63  2*68 

Ferrous  oxide 14*76  7*40  1603  941 

ManganouB  oxide. trace  trace  0*40  trace 

MagnesU 606  804  362  6*20 

Lime 12*83  7*38  13*96  1315 

Potaeh 1*60  100  0*94  030 

Soda 1*86  341  0*96  213 

Water,  hjgrometric          j  0*64  020  0*40  01 2 

combined (  0*77  0*63  107  0-65 

Pbosphoric  add 0*27  trace  0*46  trace 

Pyrite 0*23  trace  trace 

88*89  99-67  10003  100*07 

Spedflc  gravity 329  2-89  3-35  303 

(A  hornblende  of  Botallack,  Cornwall,  having  sp.  gr.=3-24, 
afforded  A.  G.  Phillips — Silica  40*12,  alumina  16*75,  ferric  oxide 
4*32,  ferrous  oxide  1'2*70,  manganous  oxide  3*42,  magnesia  6*82, 
lime  12-.37,  potash  trace^  soda  2*65=100-09.) 

A  compact  greenstone,  dark  greenish  black,  and  crystalline, 
from  Pendower  Cove,  in  Gurnard's  Head  District,  largely  made 
ap  of  hornblende,  with  an  occasional  grain  of  quartz,  aflTordod  the 
composition   in    column   C,  above.     Another  greenstone,   bluish 

fray  and  distinctly  slaty,  from  two  miles  west  of  Camborne, 
aving  sp.  gr.  =3*03,  and  consisting  largely  of  flakey  hornblende 
as  seen  under  the  microscope,  afforded  the  composition  of  column 
D.  Another,  from  North  Iiuel  Rose,  in  Newly n  East,  was  grayish, 
and  had  a  chert-like  aspect,  with  a  tendency  to  break  into  plates. 
The  greenstone  rocks  m  St.  Ives  District  consist  of  homblendic 
slates,  interbedded  with  augitic  rocks  and  occasional  bands  of 
clay-f&late;  those  of  the  Ca[>e  Cornwall  District  are  stratified,  with 
usually  a  distinct  slaty  cleavage. 

Mr.  Phillips  speaks  of  the  greenstones  as  in  part  altered  gabbro 
ordoleryte;  others  as  metamorphic  homblendic  slates,  some  of 
them  containing  garnet,  magnetite  or  axinite ;  others  as  killas  or 
ordinary  clay  slates,  containing  usually  much  more  silica  than  the 
greenstones;  others  as  metamorphic  and  highly  basic  hombleiulic 
rocks,  having  a  tendency  to  break  into  thin  plates. 

From  the  facts  connected  with  the  "  greenstones"  of  the  western 
half  of  the  New  Haven  region  and  of  New  Hampshire,  it  appears 
probable  that  even  the  rocks  of  dolerytic  composition  (the  augitic 
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kiDds)  are  ordinary  BedimentB  metamorphosed,  and  constitate 
either  metadolertjte  or  tnetadiahase  according  to  the  prevalence  of 
chlorite  or  not;  that  part  of  the  homblendic  kinds— those  that 
contain  the  requisite  feldspar — are  basic  metadiorytes^  and  that 
the  latter  pass  into  hornblendyte  (hornblende  rock),  and  also 
into  labradorite-dioryte  and  anorthite-dioryte,  other  metamorphic 
rocks.  J.  D.  D. 

i:i.  Petrographische  Studien  an  den  Melaphyrgesteinen  Bdh- 
meaSy  von  Dr.  E.  Boricky.  Prag,  1876. — The  volume  in  hand  is  a 
continuation  of  Dr.  Boricky's  valuable  examination  of  the  igne- 
ous rocks  of  Bohemia. 

14.  Minerals  of  New  South  Wales^  by  Prof.  A,  Livbbsidgs.  63 
pp.  8vo.  Sydney,  N.  S.  W.  1876. — Prof.  Liversidge  has  given  a 
complete  and  valuable  list  of  the  minerals  of  New  South  Wales, 
with  descriptions  mostly  taken  froip  specimens  which  he  had 
himself  had  in  hand.  The  occurrence  of  gold  is  described  in 
detail,  and  an  enumeration  is  given  of  some  of  the  larger  uugfi^ets 
which  have  been  found.  The  average  chemical  composition  of  the 
ore  obtained  is  93^  p.  c.  gold,  and  about  6  p.  c.  silver.         k,  s.  d. 

15.  llie  Mhteralogieal  Magazine  and  Journal  of  the  Miner- 
alogical  Society  of  Great  Br f tain  and  Ireland;  No.  1,  August. 
1876,  and  No.  2,  November,  1876. — The  Mineralogical  Society  of 
Great  Britain  and  Ireland  was  instituted  February  3d,  1876,  with 
special  reference  to  the  advancement  of  the  Sciences  of  Mineral- 
ogy and  Petrology.  The  officers  of  the  Society  are  as  follows : 
President,  H.  C.  Sorby,  Esq. ;  Vice  Presidents,  Rev.  Professor 
HAU(iHT0x  and  Professor  He ddlk ;  Treasurer,  R.  P.  Greg,  Esq.; 
General  Secretary,  J.  H.  Collins,  Esq. ;  Foreign  Secretary,  C.  Le 
Neve  Foster,  Esq.  The  first  two  numbers  of  the  Society's 
Journal  contain. a  number  of  interesting  papers;  among  these  are 
descriptions  by  Mr.  J.  H.  Collins  of  the  following  new  minerals: 

Ilenwoodite.  Occurs  in  globular  masses  of  a  turquois-blue  or 
bluish  green  color  upon  limonite;  the  exterior  surface  of  the 
masses  shows  indistinct  crystalline  facets.  II.=4-4*5,  G.=.2'67. 
Analysis:  P^O^  48-94,  AlOj  18-24,  FeOj  2*74,  CuO  T'lO,  CaO 
0-54,  SiOj  1-37,  ign.  17-10,  loss  3-97=100-00.  It  is  somewhat  re- 
lated to  lazulite,  wavellite,  and  turquois,  but  differs  in  the  relative 
amounts  of  alumina  and  phosphoric  acid.  Found  at  the  West 
Phcenix  Mine  in  Cornwall. 

Enysite,  Occurs  in  stalactitic  forms  in  a  cave  at  St.  Agnes, 
Cornwall.  n.z:i2-24,  G.=l-59.  Color  bluish-green.  B.B.  infu- 
sible; in  the  closed  tube  yields  much  water.  Analvsis  :  SO 3  8-12, 
AIO3  29-85,  CuO  16-91,  CaO  1-36,  SiOg  3-40,  H2O  39*42,  CO^ 
1-05,  NagO,  CI.  FeOg  tr.zrlOO'lO.  The  mineral  is  regarded  as 
one  of  comparatively  recent  origin.  e.  s.  d. 

16.  Prospectus  of  the  ^^  Zeitschrift  fUr  Krystallographie  und 
Mineralogie,''^  under  the  editorial  charge  of  Prof  P.  Groth^ 
*'  unter  Mitwirknng  zahXreicher  Fachgenossen  des  In-  und  AuS' 
landesy — In  this  prospectus  Dr.  Groth  gives  in  full  the  plan  and 
objects  of  his  new  Journal  of  Crystallography  and  Mineralogy, 
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the  proposed  publication  of  which  has  already  been  announced  in 
this  Journal  (vol.  xii,  p.  152).  The  Zeitschrift  will  fill  a  place 
hitherto  unoccupied  by  any  scientific  publication,  being  especially 
devoted  to  the  science  of  Crystallography  in  its  relation  particu- 
larly to  Mineralogy,  and  also  to  the  departments  of  Chemical  and 
Physical  Mineralogy.  It  will  thus  cover  the  whole  field  of  miner- 
alogy. Moreover,  in  addition  to  original  articles,  it  will  contain 
abstracts  of  all  mineralogical  papers  wherever  they  may  appear, 
and  in  whatever  language,  and  thus  become  a  complete  repertorium 
for  the  science.  To  carry  out  this  part  of  the  work,  certainly  not 
the  least  important,  the  editor  has  secured  the  cooperation  of  lead- 
ing active  mineralogists  in  England,  America,  Italy,  Denmark, 
Norway,  Russia,  Hungary,  Bohemia,  etc.  It  is  hence  evident 
that  the  Zeitschrift  will  be  a  most  invahiable  help  to  all  workers 
in  this  field  of  science ;  and  it  is  much  to  be  hoped  that  the  dis- 
tinguished and  energetic  editor  will  find  the  hearty  support  which 
he  deserves,  not  only  in  Germany,  but  in  all  countries  where  the 
science  is  cultivated.  It  will  be  published  in  octavo  numbers  of 
6  to  7  signatures,  commencing  with  January,  1877.  Each  volume 
will  include  six  numbers,  and,  with  the  accompanying  plates,  will 
cost  not  more  than  30  marks.  Authors  of  original  articles  will 
receive  free  twenty- five  extra  copies.  The  publisher  is  W. 
Engelmann  in  Leipzig. 

III.  Botany  and  Zoology. 

1.    Ulothrix  zonata,     Ihre  geschlechtUche  und  unyeschlechtliche 
Fortpflamung ;  Dr.  Arnold  Dodkl. — This  paper,  which  fills  the 

freater  portion  of  the  fourth  part  of  the  tenth  volume  of  Prings- 
eim's  Jahrbtlcher,  is  an  important  cotitribution  to  our  knowledge 
of  sexuality  in  plants  in  its  simplest  phase.  In  spite  of  the 
methodical  arrangement  of  the  article,  it  is  elaborated  with  such 
excessive  minuteness,  accompanied  occasionally  by  somewhat 
futile  speculation,  that  it  is  by  no  means  an  easy  task  to  read  it. 
This  is  to  be  regretted,  as  many  of  the  farts  brought  forward 
are  quite  curious.  The  genus  Ulothrix  belongs  to  the  order 
Zodsporece  in  which  the  reproduction  takes  place  by  means  of 
macrozodspores  and  microzoospores,  the  former  having  four  cilia 
and  one  germinative  spot  (the  name  given  to  the  reddish-colored 
dot  found  on  one  side),  the  latter  having  only  two.  The  former 
bodies  have  for  some  time  been  considered  non-sexual,  while  the 
latter  have  been  supposed  to  represetit  sexual  organs  which  by 
their  union  form  a  body  with  four  cilia,  and  distinguished  from  the 
macrozoospores  by  having  two  germiiiative  spots  instead  of  one. 
This  body,  which  is  called  the  zygospore,  corresponds  to  the  organ 
of  the  same  name  in  the  Desmu/ece  and  ConjugatcB  proper.  Dodel 
confirms  the  views  of  Areschoug,  Cramer  and  others,  that  the 
macrozodspores  do  not  conjugate,  but,  after  losing  their  cilia  and 
coming  to  rest,  grow  at  once  into  a  new  plant.  lie  also  agrees,  in 
the  main,  with  Areschoug  as  to  the  conjugation  of  the  micro- 
zodspores,  and  besides  has  been  able  to  give  a  more  exact  account 
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of  what  becomes  of  the  zygospores.  He  finds  that  they  remaiii  for 
a  considerable  time  unchanged,  and  finally  divide  into  a  nnmber  of 
zoospores,  which  soon  come  to  rest  and  erow  into  new  planta,  as  in 
the  case  of  the  macrozoOspores.  The  latter  it  appears  are  more 
common  in  winter  and  spring,  and  were  prodaced  abnndaDtly  on 
thawing  tufts  which  had  been  frozen,  while  the  microzoOspores 
are  more  common  in  summer. 

The  most  curious  fact  observed  by  Dodel  is  that  those  micro- 
zo5spores  which,  for  any  reason,  do  not  succeed  in  conjugating, 
grow  at  once  into  new  plants  just  as  in  the  case  of  the  macro- 
zo5s|)ore8.  In  other  words,  the  sexual  process  is  reduced  to  the 
direct  union  of  two  bodies  so  similar  that  it  is  impossible  to  dis- 
tinguish one  as  male  and  the  other  as  female,  and  furthermore 
these  bodies,  if  not  placed  in  conditions  favorable  for  conjugating, 
can  at  once  grow  into  new  plants.  It  would  be  difiScnlt  to  find 
sexuality  of  a  lower  grade  than  this,  where  each  sexual  organ  is 
also  capable  of  reproducing  the  ])]ant  by  non-sexual  growth.  We 
would  recall  the  case  of  hurotium  herbariorum  mentioned  by  De 
Bary,  where,  of  the  several  male  organs  (pollinodia)  only  one  suc- 
ceeds in  coming  in  contact  with  the  female  organ,  yet  all,  after 
the  fertilization  has  taken  place,  continue  to  grow  and  take  part  in 
the  formation  of  the  sac  which  eventually  encloses  the  spores. 
With  very  rare  exceptions  in  the  Thallogens,  the  male  organ  at 
once  atrophieH  after  fertilization  has  been  accomplished. 

W.    G.    F. 

2.  De  Co^ulfUione  Microzoosporarum  Enteromorplue  com- 
pressrp^  (L.)  Seripsit  J.  E.  Abbschoug,  ex  Botaniska  Notiser. 
1876.  No.  5. — In  their  Observations  sur  quelques  algues  posse- 
dant  des  zoospores  dimoq)hes,  Janczewski  and  llostafinski  called 
in  question  the  observations  of  Areschoug  in  which  he  maintained 
that  the  microzodspores  of  Enteromorpha  compressa  conjugated. 
In  the  present  jiaper  Areschoug  gives  a  detailed  account  of 
repeated  observations  of  the  conjugation  of  microzo5spores  of 
EtUerontoipha  compressa  made  during  the  past  summer,  and  it 
would  appear  that  Janczewski  and  Rostafinski  had  been  too  hasty 
in  their  criticisms.  Areschoug  mentions  that  Wittrock  has  found 
zygospores  in  JTmniatococcus  lucustris  [Protococcus  nivalis)  the 
existence  of  w^hich  Rostafinski  denied.  w.  g.  f. 

3.  l^ofessor  Sir  Wyville  Thoin%oii  on  sotne  of  the  Echino- 
derma  of  the  "  Porcupine^''  and  "  Challenger'*^  Expeditione, — One 
of  the  recent  numbers  of  the  Transactions  of  the  Royal  Society 
of  London  contains  an  account  bv  Professor  Thomson  of  the 
Echini  of  the  "  Porcupine."  The  most  interesting  portion  is  a 
full  description  with  excelltMit  figures  of  several  species  of  the 
new  family  of  Echini  with  flexible  test,  intermediate  between  the 
Cidari<lae  and  Diadematidoe,  the  genera  ThennoBomay  CcUoeria 
and  Asthenosoma  constituting  the  family.  The  structure  of  the 
Echinothuriae,  as  this  family  has  been  called  by  Sir  Wyville, 
throws  a  good  deal  of  light  on  the  affinities  of  the  extinct  Palte- 
echinidsB. 
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In  addition  to  the  Crinoids  noticed  by  Professor  Thomson  in 
one  <rf  his  former  preliminary  reports  addressed  to  the  Royal 
Society,  he  has  published  a  short  account  of  two  remarkable  gen- 
era belonging  to  the  family  of  ApiocrinidsB,  which  are  described  as 
BathifcrintiB  and  Hi/ocrinua,  the  former  from  a  depth  of  2476 
fathoms,  south  of  Cape  Clear,  the  latter  from  a  depth  of  1850 
fathoms,  300  miles  east  of  St.  Paul's  Rocks.  The  paper  is  illus- 
trated by  five  cuts,  and  forms  the  beginning  of  No.  66  of  the 
Journal  of  the  Linnean  Society  for  December,  1876.  Bathycrinus 
18  allied  to  RhizoerinuSy  while  Hyocrinus  has  a  superficial  resem- 
blance to  Poteriocrinus  and  Cydthocrinus,  In  the  same  number 
of  the  Journal  of  the  Linnean  Society,  Sir  Wyville  Thomson  has 
given  a  most  interesting  account  of  the  direct  mode  of  propaga- 
tion in  a  number  of  Echinoderms,  showing  that  this  moae  of  re- 
production is  not  so  exceptional  among  Echinoderms  as  was  form- 
erly supposed.  The  direct  mode  of  reproduction  was  already 
known  in  all  the  orders  of  Echinoderms  (Holothurians,  Opbiurans, 
Starfishes,  Ekrhini  and  (Jrinoids).  It  had  however  been  supposed 
that  the  plutean  development  was  the  normal  mode  of  reproduc- 
tion among  Echinoderms,  although  the  complete  homology  be- 
tween the  direct  and  plutean  embryology  has  been  pointed  out  by 
several  writers  on  tne  Echinoderms.  I'he  sketch  referred  to 
shows  most  conclusively  that  this  view  was  correct  and  opens  a 
most  interesting  field  of  speculation  regarding  the  causes  which 
may  have  brought  about,  often  in  closely  allied  genera,  one  or  the 
other  mode  of  reproduction.  It  is  somewhat  curious  that  the 
majority  of  cases  of  direct  reproduction  are  of  species  found  in 
the  northern  regions  of  the  old  world,  the  species  observed  by  Pro- 
fessor Thomson  are  all  from  the  Southern  Sea ;  Falkland  Islands 
(Cladodactyla  crocea  Lessen,  Goniocidaris  canaliculata  A.  Ag.)  ; 
Heard  Island  (Prohis  ephipper)\  Kerguelen  Isls.  {Cidaris  unti'ix 
W.  T.,  Hemiaster^  sp.  Archaster  excavatus  W.  T.,  Hymenastery 
and  Ophiocoma  didelphys  W.  T.  These  species  are  all  figured 
with  the  young  as  they  are  carried  about  by  the  parent,     a.  ag. 

4.  Zoology  of  the  ChaUenger  Expedition. — The  editors  learn 
by  letter  from  Mr.  Alexander  Agassiz  (dated  Edinburgh,  Dec.  18) 
that  he  has  found  the  material  a  wonderful  collection,  and  was 
deeply  impressed  by  the  great  amount  of  it,  coming  as  it  mainly 
does  from  the  depths  with  which  we  formerly  associated  the  idea 
of  a  lifeless  desert  region.  He  also  gives  the  following  information 
respecting  the  publication  of  the  results.  "  The  Admiralty  is  to 
publish  the  results  and  the  collections  are  to  be  worked  up  by 
sundry  specialists:  Allman  the  Hydrozoa;  Busk  the  Polyzoa;  Dr. 
Mcintosh  the  Annelids ;  Thomson  himself  the  Crinoids  and  ^ome 
of  the  Sponges,  the  balance  of  the  latter  by  O.  Schmidt ;  llajckel 
the  Radiolaria;  Moseley  of  the  Challanger  the  Polyps ;  Murray 
who  was  on  the  Challenger  will  work  up  the  deep  sea  bottoms  and 
surface  animals  (Forammifera,  etc.) ;  Utlnther  the  Fishes.  Some 
of  the  groups  are  not  yet  determined  upon,  but  the  same  persons 
who  worked  up  the  "  Porcupine"  species  will  probably  have  charge 
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of  the  Challenger  collection.  Young  Carpenter  will  work  up  the 
Comatulae,  Lyman  will  have  the  Ophiurans,  and  I  shall  bring  over 
with  me  the  Echitii  and  perhapn  some  other  group  of  Echinoderms, 
80  that  the  United  States  will  have  their  fair  nhare  of  the  work." 

6.  Rate  of  Growth  of  Corals, — A  'remarkable  piece  of  coral, 
taken  off  the  submanne  cable  near  Port  Darwin,  is  spoken  of  by 
the  Cocktown  Herald.  It  is  of  the  ordinary  species,  about  five 
inches  in  height,  six  inches  in  diameter  at  the  top,  and  about  two 
inches  at  the  base.  It  is  perfectly  formed,  and  the  base  bears  the 
distinct  impression  of  the  cable,  and  a  few  fibers  of  the  coir  rope 
used  as  a  sheath  for  the  telegraphic  wire  still  adhering  to  it.  As 
the  cable  has  been  laid  only  four  years  it  is  evident  that  this 
specimen  must  have  grown  to  its  present  height  in  that  tim^, 
which  seems  to  prove  that  the  growth  of  coral  is  much  more 
rapid  than  has  been  supposed. — Juelbaume  paper. 

7.  BvUetin  of  the  NuttaU  OtnithoUxjieal  Club,  Elditor,  J.  A. 
Allen;  Associate  Editors,  S.  F.  Baird  and  Elliott  Coites. — 
The  November  number  closed  the  first  volume  of  this  excellent 
journal.  It  contains  papers  by  E.  Ingersoll,  Dr.  J.  G.  Cooper,  R 
Kidgeway,  J.  C.  Merrill,  M.D.,  U.S.A.,  and  T.  M.  Brewer,  besides 
notices  of  recent  publications  and  various  miscellaneous  notices. 

The  Journal  has  the  best  of  American  Ornithologists  among  its 
contributors,  and  is  afforded  at  the  low  rate  of  one  dollar  a  year 
(postage  included).  All  interested  in  Birds,  or  in  the  progress  of 
Bcietice,  will  find  the  small  sum  asked  for  subscription  a  good  out- 
lay. The  prospectus  states  that,  for  the  sake  of  sustaining  the 
Journal,  an  advertising  sheet  will  be  inserted,  and  low  rates  of 
advertisement  charged.  Subscriptions  should  be  forwarded  to 
Mr.  H,  B.  Bailey,  Newton,  Mass.,  and  communications  or  adve^ 
tisements  to  Mr.  J.  A.  Allen,  Museum  of  Comparative  Zoology, 
Cambridge,  Mass. 

IV.  Astronomy. 

1.  3feteor  of  Dec.  21«^,  1876. — On  the  evening  of  Thursday, 
Dec.  21  St,  1876,  a  meteor  of  utmsnal  size  and  brilliancy  passed 
over  the  States  of  Kansas,  Missouri,  Illinois,  Indiana,  and  Ohio. 
In  many  respects  it  is  worthy  of  special  record.  From  newspa- 
per notices  that  we  have  bee!i  able  to  collect,  from  a  few  private 
letters,  and  from  some  letters  kindly  sent  us  by  Prof.  Henry,  from 
the  Smithsonian  Institution,  we  are  able  to  give  a  general  account 
of  the  body. 

It  was  first  seen,  so  far  as  we  know,  over  the  State  of  Kansas, 
and  probably  as  far  west  as  the  center  of  the  State.  It  passed* 
nearly  over  and  probably  south  of  the  cities  of  Topeka  and 
Leavenworth,  being  there  at  an  altitude  of  about  60  miles.  It 
crossed  the  Mississippi  between  Hannibal  and  Keokuk,  but  nearer 
to  the  former  place.  Over  the  center  of  the  State  of  Missouri  one 
or  more  explosions  occurred,  and  shortly  after  crossing  the  Missis- 
sippi it  broke  into  several  fragments.  The  breaking  up  continned 
while  it  was  crossing  the  States  of  Illinois,  Indiana  ana  Ohio.     A 
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loud  explosion  is  reported  as  far  east  as  Concord  and  Erie,  Pa. 
The  meteor  consisted  in  fact  of  a  large  flock  of  brilliant  balls 
chasing  each  other  across  the  sky,  the  uamber  being  variously 
estimated  from  a  score  to  a  hundred.  This  flight  is  of  peculiar 
interest  in  view  of  the  long  continued  violent  disintegration. 

The  region  around  Chicago  was  overcast,  and  though  the  clouds 
were  lighted  up  in  a  most  remarkable  manner  no  sound  seems  to 
have  been  heard.  In  like  manner  no  sound  is  reported  from  St. 
Louis.  But  over  all  the  region  of  Central  Illinois  between  these 
two  cities  a  terrific  series  of  explosions  were  heard.  In  Keokuk, 
la.,  it  was  heard,  but  not  elsewhere  in  that  State  so  far  as  appears 
from  these  accounts.  A  rumbling  is  reported  as  far  south  of  the 
track  as  Bloomington,  Ind.,  120  miles  distant,  but  whether  it  was 
caused  by  the  meteor  is  doubtful.  Yet  over  the  northern  part  of 
Indiana  the  passage  of  the  body  was  followed  by  loud  explosions. 

Whether  a  portion  of  the  body  pursued  its  way  onward  over 
New  York  State  and  out  of  the  atmosphere  is  from  the  statements 
before  us  doubtful.  The  path  was  nearly  parallel  to  the  earth's 
surface  and  might  easily  be  in  its  latter  part  upward.  But  if  the 
sky  was  then  clear  over  western  New  York  the  meteor  would  in 
such  case  certainly  have  been  seen  in  that  region. 

The  path  was  about  N.  76**  E.,  and  was  nearly  or  quite  a  straight 
line  and  not  less  than  1,000  miles  long.  The  duration  of  flight 
was  of  course  variously  estimated,  from  fifteen  seconds  up  to  three 
minutes,  and  yet  no  one  probably  saw  the  body  through  more 
than  a  fraction  of  its  path. 

It  entered  the  air  in  a  course  differing  only  about  30°  from  the 
earth's  motion  and  was  overtaking  the  earth.  Its  real  motion  made 
therefore  a  still  smaller  angle  with  that  of  the  earth.  But  the 
relative  velocity  was  so  slow,  probably  not  over  ten  or  fifteen 
miles  a  second,  that  the  earth's  attraction  had  changed  its  direc- 
tion greatly.  It  must  have  been  coming,  previous  to  that  change, 
from  a  point  near  to  and  a  little  south  of  the  ecliptic  in  the 
eastern  or  southern  part  of  the  constellation  Capricornus.  There 
appears  to  be  no  known  meteor-radiant  at  that  tmie  near  that  part 
of  the  heavens. 

Should  no  one  else  undertake  the  complete  discussion  of  this 
meteor,  we  may  treat  it  more  fully  in  a  future  number  of  the 
Journal.  We  shall  be  grateful  for  any  accounts  of  observers — 
especially  of  those  who  made  angular  measurements — whether  we 
shall  use  them  ourselves  or  place  them  in  the  hands  of  others  for 
reduction.  h.  a.  n. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Bressa  Prizes  of  the  Turin  Academy  of  Sciences. — The  fund 
for  the  Bressa  prize — instituted  by  the  bequest  of  M.  Cesar  Alex- 
andre Bressa,  Doctor  of  Medicine  and  Surgery,  who  died  in  1836 
— became  available  in  1876.  A  prospectus  issued  by  the  Royal 
Academy  announces  that,  in  carrying  out  the  will  of  the  testator, 
a  prize,  amounting  to  the  income  of  two  years,  will  be  given  in 
1879,  and  every  four  years  thereafter,  to  the  man  of  science,  of 
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whatever  country^  who  shall,  in  the  judgment  of  the  Academy,  haye 
made,  during  the  preceding  four  years,  the  most  brilliant  and  use- 
ful discovery,  or  shall  have  published  the  most  celebrated  work, 
in  pure  or  applied  mathematics,  or  in  the  physical  sciences,  such 
as  physics,  chemistry,  physiology,  natural  history,  or  in  geology. 
pathology,  history,  geography  or  statistics;  and,  secondly,  the 
same  amount,  on  the  same  conditions,  in  1881,  and  every  four 
years  thereafter,  to  an  Italian  savant.  The  prize  will  not  be  given 
to  any  of  the  National  members  of  the  Acaaemy,  resident  or  non» 
resi<lent.  The  amount  of  the  prize  given  in  1879  will  he  12,000 
francs. 

2.  Annual  Rqwrt  of  the  Board  of  Regents  of  the  Smithsonian 
j7istltution  for  1875. — The  work  of  the  Smithsonian  Institution 
covers  a  wide  range  of  subjects  of  both  economical  and  scientific 
importance,  and  has  a  powerful  influence  for  good  on  the  welfare 
and  scientific  progress  of  the  nation.  As  one  example  we  cite  the 
fact,  stated  in  this  report,  that  the  department  of  the  Institution 
having  charge  of  fish-culture,  which  is  under  the  direction  of  Pro- 
fessor Baird,  distributed  in  the  years  1874,  1876,  of  young  shad, 
18,089,550;  of  Penobscot  sahnoti,  2,'J94,565;  of  California  salmon, 
4,581,:340 ;  making  in  all  over  twenty-five  and  a  half  millions  which, 
with  the  distribution  during  the  winter  and  spring  of  1875-6,  of 
these  and  other  fishes,  make  a  total  of  forty  million  fish  supplied 
by  the  Commission  in  three  years.  The  Report  on  the  Museum 
shows  great  increase.  One  object  of  special  interest  acquired 
during  the  year,  is  the  Tuczon  meteorite,  presented  by  Dr.  B.  J. 
D.  Irwin,  U.  S.  A.  The  very  extensive  collections  displayed  by 
the  Smithsonian  Institution  at  the  International  Exposition  at 
Philadelphia  were  second  in  interest  to  none  there  exbibited. 
Very  much  of  the  credit  connected  with  it  is  due  to  Dr.  S.  F. 
Baird,  the  assistant  secretary  of  the  Institution,  who  gives  in  this 
voluTno  a  statement  of  the  general  scheme  of  arrangements. 

The  general  appendix  to  the  Report  contains  the  following 
papers, — Eulogy  of  Volta,  by  Auago  ;  The  probable  future  of  the 
Human  race,  by  A.  de  Caxdollk;  Report  on  the  Transactions  of 
the  Society  of  Physics  and  Natural  History  of  Geneva,  1873  to 
July,  1 874*;  The  "Past  and  Future  of  Geology,"  by  Joseph  Pbest- 
wicn ;  Report  of  the  Special  Committee  for  the  Consideration  of 
the  Memoir  of  II.  G.  W  ex  on  the  diminution  of  the  water  of  rivers; 
The  refraction  of  Sound,  by  Wm.  B.  Taylor;  On  the  organization 
of  local  Scientific  Societies,  by  Professor  Hknry;  On  Ethnology: 
Ititernational  Code  (»f  Svmbols  for  Charts  of  Pre-historic  Archaeol- 
ogy, translated  by  O.  "f.  Mason;  Characteristics  of  Ancient  Man 
in  "Michigan,  by  H.  Gilman;  The  Stone  Age  in  New  Jersey,  by 
Dr.  C.  C.  Abboit.  The  Ethnological  papers  are  illustrated  by  a 
large  number  of  figures  of  stone  implements,  skulls,  etc. 

3.  TTie  Theory  of  Sound  in  its  relation  to  Music  ;  by  Professor 
PiETRo  Blaskrxa,  of  the  Royal  University  of  Rome.  188  pp. 
12mo,  with  numerous  woodcuts.  New  York,  1876.  (D.  Appleton 
<fc  Co.) — This  is  a  popular  work  in  style  by  one  who  is  deeply 
versed  in  the  science  of  the  subject  of  which  it  treats,  and  knows 
how  to  present  its  principles  and  facts  briefly  and  clearly. 
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In  Memoriam. — Fielding  Bradford  Meek. 

The  readers  of  this  Journal  were  informed  in  the  January 
namber  of  the  death  of  Mr.  F.  B.  Meek,  the  eminent  Paleon- 
tologist. He  died  at  Washington,  D.  C,  on  the  21st  of  Decem- 
ber, 1876,  having  only  a  few  days  before  completed  his  59th 
year.  He  had  been  in  ill  health  for  several  years  past,  and  in- 
deed almost  all  his  life,  for  his  malady  was  inherited  phthisis 
pulmanalis.  It  had  been  his  habit  for  several  years,  to  spend 
the  winter  in  Florida,  and  the  summer  months  in  the  Alleghany 
Mountains.  He  had  made  preparation  to  leave  Washington  for 
Florida  early  in  December,  but  was  taken  with  hemorrhage  of 
the  lungs  on  the  day  before  the  one  set  for  his  departure.  From 
this  attack  he  never  rallied,  but  gradually  sank  to  a  peaceful 
and  quiet  death.  During  his  last  sickness  he  was  constantly 
attenaed  and  cared  for  by  his  scientific  and  other  friends,  resi- 
dent in  the  city ;  and  when  the  end  came,  they  bore  him  to  his 
grave  with  sincere  sorrow. 

Mr.  Meek  was  born  in  the  city  of  Madison,  Indiana,  on  De- 
cember lOth,  1817.  His  grand  parents  were  Irish  Presbyterians, 
who  removed  from  the  county  Armagh  to  this  country  about 
the  year  1768,  and  finally  settled  in  Hamilton  county,  Ohio. 
His  father,  together  with  his  family,  removed  from  there  to 
Madison,  where  he  was  a  lawyer  of  considerable  eminence. 
The  family,  including  those  born  in  Madison,  consisted  of  the 
parents,  two  sons  and  two  daughters,  besides  Fielding,  all  of 
whom  were  dead  several  years  before  his  own  decease.  The 
father  died  when  the  son  who  was  to  become  so  distinguished 
was  only  three  years  old,  leaving  the  family  in  moderate  cir- 
cumstances. 
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His  early  youth  was  speot  in  the  city  of  his  birth.  His  edaca- 
tion  was  greatly  interfered  with  by  the  delicate  condition  of 
his  health.  Upon  reaching  manhood,  by  advice  of  his  frieDds 
and  against  his  own  inclination,  for  he  was  of  a  studious  and 
retiring  disposition,  he  invested  his  small  patrimony  in  mercan- 
tile business,  first  in  his  native  place,  and  afterwani  in  Owens- 
boro,  Kentucky.  The  result  was  financial  failure  and  loss  of 
all  he  possessed.  After  this,  while  laboring  for  his  support  and 
struggling  with  ill  health  and  poverty,  he  continued  his  studies, 
general  and  special,  for  he  began  early  to  devote  himself  to 
natural  history.  His  first  public  work  was  during  the  veare 
1848  and  1849,  and  was  performed  as  an  assistant  of  Dr.  t).  D. 
Owen,  upon  the  United  States  Geological  Survey  of  Iowa, 
Wisconsin  and  Minnesota. 

Having  closed  this  work,  he  returned  to  his  home  in  Owens- 
boro;  but  soon  after,  in  the  year  1852,  went  to  Albany,  New 
York,  as  assistant  to  Professor  Hall  in  the  paleontological  work 
of  that  State.  He  remained  there  until  1858,  saving  three  sum- 
mers. Two  of  these  summers  were  spent  on  the  Geological 
survey  of  Missouri ;  the  other,  that  of  1858,  in  exploring  the 
Bad-lands  of  Nebraska,  together  with  Dr.  F.  V.  Hayden,  ooth 
being  commissioned  by  Professor  Hall  for  that  work.  Three 
years  after  this  exploration,  he  prepared  for  publication,  in 
conjunction  with  Professor  Half,  an  important  memoir  on 
Cretaceous  fossils  from  Nebraska.  This  was  published,  with 
illustrations,  in  1856,  in  the  Memoirs  of  the  American  Academy 
of  Arts  and  Sciences,  of  Boston. 

In  1858,  Mr.  Meek  left  Albany  and  took  up  bis  residence  iu 
Washington,  where  he  resided  until  his  death.  During  all  this 
time,  he  made  his  home,  and  the  place  of  his  scientific  labors, 
except  when  in  the  field,  at  the  Smithsonian  Institution,  and  it 
was  within  its  halls  that  the  greatest  part  of  his  scientific  life- 
work  was  accomplished. 

The  association  which  he  formed  with  Dr.  Hayden  in  1863, 
was  tacitly  continued  until  Mr.  Meek  s  death.  When  Dr.  Hay- 
den commenced  his  explorations  in  the  Western  Territories, 
and  afterward  organized  the  Geological  Survey  of  the  Bockj 
Mountain  region,  Mr.  Meek  was  entrusted  with  all  the  Inverte- 
brate paleontology,  much  of  which  appeared  under  their  joint 
names.  The  most  important  of  these  joint  publications  was 
the  "  Paleontology  of  the  Upper  Missouri,"  published  by  the 
Smithsonian  Institution  in  1865,  and  admitted  by  all  to  have 
been  the  most  thorough  and  exhaustive  work  of  the  kind  that 
had  been  produced  in  the  United  States.  During  the  contio- 
uance  of  this  connection  with  Dr.  Hayden,  Mr.  Meek  accom- 
plished many  other  very  important  works.  Among  the  more  I 
noteworthy  of  these  are,  the  invertebrate  paleontology  of  the 
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Illinois  State  Geological  Survey  (published  jointly  with  the 
Director,  Mr.  A.  H.  Worthen);  that  of  the  Ohio  State  Geologi- 
cal Survey;  a  part  of  that  of  the  California  Survey;  that  of 
fieveral  of  the  western  exploring  expeditions,  besides  those  of 
Dr.  Hay  den's  surveys  of  the  Territories. 

It  was  the  custom  of  Mr.  Meek  to  publish  preliminary  de- 
scriptions of  his  new  species,  and  afterward  elaborate  and  illus- 
trate the  subjects  for  final  publication.  These  preliminary 
papers  were  published  mainly  in  the  Proceedings  oi  the  Phila- 
aelphia  Acaaemy  of  Natural  Science,  while  his  reviews,  and 
memoirs  on  the  higher  groups  were  largely  published  in  this 
•Journal. 

Only  a  few  months  before  his  death  Mr.  Meek  finished  what 
he  considered  to  be  the  most  iniportant  of  work  his  life,  namely : 
A  Report  on  the  Invertebrate  Cretaceous  and  Tertiary  Fossils  of 
the  Upper  Missouri  Country.  This  work  constitutes  volume 
IX  of  tne  quarto  series,  of  the  U.  S.  Geological  Survey  of  the 
Territories,  and  contains  more  than  600  pages  of  text,  and  45 
plates. 

Of  the  character  of  Mr.  Meek^s  scientific  labors,  it  is  only 
necessary  to  speak  briefly.  Thoroughness,  scrupulous  exact- 
ness, and  nice  powers  of  discrimination,  are  manifested  in  all 
his  labors ;  and,  with  such  merits,'  his  works  will  shed  lustre 
upon  his  name  as  long  as  paleontology  shall  be  studied.  No 
one  in  America  has  done  more  than  he,  to  systematize  and 
advance  the  science  to  which  he  devoted  his  life. 

His  personal  character  cannot  be  too  highly  eulogized,  for  it 
was  without  a  blemish.  He  was  a  genial,  sincere,  pure-minded, 
honorable  man.  Gentleness  and  candor  were  apparent  in  every 
expression  of  his  face,  and  in  every  word  he  uttered  ;  but  he  was 
sell-reliant,  and  ready  at  all  times  to  stand  up  and  defend  what 
he  believed  to  be  right;  and  with  his  keen  sense  of  justice,  he 
was  seldom  mistaken  as  to  what  was  right.  He  was  never  in 
vigorous  health  and  often  ill ;  but  never  complaining,  always 
hopeful,  always  cheerful,  always  at  the  work  he  loved  so  well, 
always  helpful  of  others.  His  hearing  began  to  fail  in  early 
manhood,  and  the  affliction  increased  until  he  became  entirely 
deaf,  several  years  before  he  died.  Even  when  cut  ofl*  from 
conversation  with  his  fellow  men  his  cheerfulness  did  not  forsake 
him ;  but  he  seemed  to  derive  great  pleasure  from  written  com- 
munication with  his  friends.  He  was  never  married,  and  leaves 
no  near  relatives;  but  all  with  whom  he  was  ever  brought  in 
contact  will  remember  him  with  pleasure,  while  to  those  who 
were  permitted  to  enjoy  scientific  intercourse  or  correspondence 
with  nim  during  his  lire,  his  memory  will  be  especially  dear. 

c.  A.  w. 
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Art.  XX. — Notes  on  t^te  Age  of  the  Rocky  Mountains  in 
Colorado ;  by  A.  C.  Peale,  M.D. 

In  the  "  Report  upon  Geographical  Explorations  and  Surveys 
west  of  the  100th  Meridian,  in  charge  of  Lieut  Gea  M. 
Wheeler,  vol.  iii,  Geology,"  Prol  John  J.  Stevenson,  on  the 
"Structure  and  age  of  the  Rocky  Mountain  System,"  in  Chap- 
ter XVII  of  his  report,  makes  the  following  statement  (p.  601): 
"The  Rocky  Mountain  system,  then,  is  the  result  of  four  es- 
pecially marked  upheavals,  the  first  at  the  close  of  the  Carbon- 
iferous, the  second  at  the  close  of  the  Trias,  the  third  at  Xhk 
close  of  the  Cretaceous,  and  the  fourth  during  the  Tertiary. 
Of  these,  the  first  and  third  were  the  most  general  in  their 
effects." 

These  conclusions  he  deduces  from  his  investigations  during 
the  season  of  1873,  in  the  "area  embraced  between  the  meridians 
of  105°  and  107°  west  from  Greenwich,  and  between  the  north 
latitude  39°  45'  and  the  southern  boundary  of  Colorado,  giving 
a  length  of  one  hundred  and  ninety  miles,  and  a  breadthof 
about  one  hundred  and  six."     (p.  807.) 

My  duties,  as  one  of  the  Assistants  of  Dr.  Hayden's  Geologi- 
cal Survey  of  the  Territories,  have  taken  me  over  the  same 
area,  and  as  far  west  as  the  meridian  of  109°  40'.  From  my 
study  of  this  region,  and  the  results  of  the  work  of  my  col- 
leagues on  the  Survey,  I  am  led  to  conclusions  differing 
from  those  reached  by  Prol  Stevenson  in  regard  to  the  age  of 
the  Rocky  Mountains  in  Colorado.  The  data  obtained  are, 
however,  too  few  to  enable  us  to  extend  the  generalizations  to 
the  entire  Rocky  Mountain  system. 

The  first  statement  of  Prof.  Stevenson  that  I  shall  consider  is 
the  following.  "The  fiist  great  epoch  of  accelerated  disturb- 
ance in  the  Rocky  Mountain  region,  resulting  in  permanent 
elevation  of  the  surface,  was  synchronous  with  that  during 
which  the  Appalachian  chain  was  completed."     (pp.  499,  500.) 

He  bases  this  statement  upon  the  following  facts  (?): 

1st.  The  occurrence  of  Paleozoic  strata  high  up  on  the  flanks 
of  the  mountains  and  the  absence  of  the  Trias  in  the  interior, 
and  the  abutting  of  the  Cretaceous  against  the  Paleozoic,  (with 
the  exception  of  the  Elk  Mountains.)     p.  499. 

2d.  The  want  of  conformability  between  the  Paleozoic  rocks 
and  the  Mesozoic  rocks,     (p.  499.) 

I  will  take  these  up  in  order: 

1st.  The  occurrence  of  Paleozoic  strata  and  the  absence  of  the  Trias 
in  the  Interior.  I  use  the  name  Triassic  to  denote  the  Red  Beds 
that  have  been  so  called  generally  in  the  west  It  is  so  used  by 
Prof.  Stevenson.     Prol  Stevenson  says,  (p.  499) :  '*  In  the  in- 
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tenor*  no  rock  of  more  recent  origin  than  the  Carboniferous  is 
involved  in  the  main  axes."  Again  he  says,  (p.  495) :  "  In  the 
main  portion  of  this  second  group  (including  Blue  Eiver  Range, 
Park  Range,  Sangre  de  Cristo  and  Spanish  Range,  and  Ar- 
kansas or  Saguache  {Sawatch)  Range,  see  pp.  490,  491,)  no 
rocks  occur  of  later  date  than  the  Carbouiierous,  which  with 
the  underlying  Silurian  may  be  traced  along  the  eastern  face 
to  the  Blue  River." 

On  the  west  side  of  South  Park,  the  sedimentary  formationsf 
are  present  from  the  Primordial  to  the  top  of  the  Cretaceous, 
all  conformable  and  dipping  to  the  eastward,  extending  from 
the  summit  of  the  Park  Range  eastward  into  South  Park.  I 
grant  that  on  the  summit  and  slopes  of  the  Range,  the  entire 
series  is  not  seen,  but  simply  because  the  range  has  been  sub- 
jected to  erosion.  At  some  places  only  Silurian  beds  are  seen 
and  at  othei-s  both  Silurian  and  Carboniferous.  Commencing 
at  the  summit  of  the  range  and  going  eastward  into  the  Park, 
we  find,  with  the  exception  of  faulting  in  the  Carboniferous 
and  Silurian  strata,  which  probably  occurred  in  Post  Cretaceous 
time  that  the  formations  succeed  each  other  in  regular  order. 
The  sequence  is  uninterrupted.  It  is  true  that  when  we  com- 
pare the  dip  of  the  Carboniferous  rocks  on  the  range,  with  the 
dip  of  the  Cretaceous  out  in  the  park,  that  it  is  not  precisely 
the  same,  but  we  must  remember  that  the  outcrops  are  three  or 
four  miles  apart  The  inclination  in  both  cases  is  in  the  same 
direction,  and  if  the  Cretaceous  beds  were  continued  to  the  sum- 
mit of  the  Range  as  they  did  originally,  we  should  find  them  con- 
formable to  the  Carboniferous;  and  were  we  to  sink  a  shaft  at 
the  base  of  the  Cretaceous  outcrop  in  the  Park,  we  should 
doubtless  note  the  conformability  of  the  Cretaceous  with  the 
underlying  Paleozoic  strata.  When  we  cross  the  upturned 
edges  of  the  strata  we  find  no  uncorafoiTnability.:j: 

Crossing  the  Park  Range  to  the  Arkansas  Valley,  we  find 
uo  sedimentary  beds  on  the  eastern  front  of  the  Sawatch 
Range.  As  pointed  out  by  Dr.  Hayden§  and  myself  |  in  1873, 
the  sedimentaries  of  the  Park  Range  once  extended  uninter- 
ruptedly to  the  Sawatch  Range,  but  have  been  removed  by 
erosion.  Prof.  Stevenson  is  himself  of  the  same  opinion.  lie 
says  (p.  492) :  "  It  is  clear  then  that  the  Paleozoic  rocks,  the 
same  with  those  found  on  the  Park  Range,  at  one  time  reached 
unbroken  from  South  Park  to  the  Arkanvsas  or  Saguache 
{tSawatcli)  Range.     How  terrible  was  the  erosion   which    not 

*  He  does  not  explain  what  he  means  by  the  interior,  but  I  take  it  to  mean  the 
lalerior  of  his  district 

f  Wherever  I  speak  of  the  entire  sedimentary  series  I  mean  the  sed'mentarj 
seriee  as  known  in  the  West 

i  See  Report  of  U.  S.  Geol.  Survey  for  1873,  pp.  38-47,  pp.  212-239. 

%  Report  U.  a  Geol.  Survey,  1H73,  p.  39.  |  Ibid.,  p.  14^. 
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only  cut  away  these  rocks  but  also  tore  out  and  removed  the 
metamorphic  rocks  to  a  depth  of  6,000  feet  along  this  valley  of 
the  Arkansas." 

He  restricts  the  sedimentaries  to  the  Paleozoic.  Why  could 
not  this  erosion  have  removed  not  only  the  Paleozoic  but  also 
the  Mesozoic  strata  ?  When  we  go  to  the  north  end  of  the 
Sawatch  Range  we  find  the  entire  series,  from  Lower  Silurian 
to  Upper  Cretaceous,  present.  It  is  true  that  the  lower  strata 
project  beyond  the  upper,  the  latter  having  been  removed  by 
erosion.  Starting  at  one  of  the  Archaean  peaks  at  the  northern 
end  of  the  range  and  going  northward,  we  meet  6rst  with  a  bed 
of  quartzite,  probably  Primordial.  This  forms  the  capping  of 
the  spur,  and  at  Eagle  Biver  disappears  from  sight  beneath  the 
beds  forming  the  bluffs  on  the  north  side  of  the  river.    In  the  up- 

r5r  portion  of  these  beds  which  are  conformable  to  the  quartzite, 
obtained,  in  1873,  Carboniferous  and  Permian  fossils.*  Fol- 
lowing the  outcrops  down  Eagle  River,  we  find  appearing,  one 
after  the  other,  the  other  members  of  the  series,  Trias,  Jura  and 
Cretaceous,  resting  on  the  Carboniferous  in  regular  order  and 
conformable. f  On  the  west  side  of  the  Sawatch  Range  the 
entire  series  is  again  seen  towards  the  north. f  The  lines  of  out- 
crop can  be  traced  fmm  Eagle  River  to  the  Elk  Mountains. 
Between  the  Elk  Mountains  and  the  Sawatch  Range  there  is  a 
gap  occupied  by  the  Upper  Gunnison,  or  Taylor  River,  in 
which  the  Sedimentaries  are  absent  Were  it  not  for  the  Elk 
Range,  in  which  we  have  the  result  of  eruptive  action,  the 
sedimentary  rocks  would  be  seen  dipping  away  from  the 
Sawatch  Range  to  the  westward  and  becoming  horizontal  in 
the  plateau  region. § 

The  upheaval  of  this  range,  with  the  subsequent  erosion, 
has  so  modified  the  beds  and  removed  so  much  material,  that 
it  is  difficult  at  first  sight  to  understand  the  relations  of  the 
sedimentary  series  to  the  metamorphics  of  the  Sawatch  Range. 
We  must  always  make  allowances  for  enormous  erosion  in  this 
region.  There  are  evidences  of  it  on  all  sides  in  the  Sawatch 
and  Elk  Mountains. 

In  Southwestern  Colorado  and  Northern  New  Mexico,  the 
Triassic  is  also  present  (See  Report  of  Macomb,  Geology,  by 
Newberry  :  also  Cope,  pp.  9S1-1017,  Report  of  Chief  of  Engi- 
neers, Part  II,  for  1875.)  Mr.  Holmes  and  myself  have  also 
identified  the  Red  Beds  in  Western  and  Southwestern  Colorado, 
and  in  the  forthcoming  Reports  of  the  Survey  they  will  be 
described. 

I  think   I  have  shown  that  the  Red    Beds    (Triassic)  are 

♦  Report  U.  S.  Geol.  Survey,  1873,  p.  245. 
Report  U.  S.  Geol.  Survey,  1874.  pp.  79-84. 

Report  U.  8.  GeoL  Survey,  1873,  pp.  246,  266.  Report  for  1874,  p.  80. 
Report  U.  S.  Geol.  Survey,  1874,  p.  54. 
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present  not  only  in  the  interior  but  also  west  of  the  mountains, 
and  that  where  the  Paleozoic  rocks  alone  show,  the  overlying 
rocks  have  been  removed  bv  erosion. 

2d.  The  want  of  coiiformahiliiy  between  the  Paleozoic  Rocks  and 
the  Mesozoic  Rocks.  1  have  already  noted  the  conformability  of 
the  Paleozoic  and  Mesozoic  in  the  Park  Range,  and  on  the 
north  and  west  sides  of  the  Sawatch  Range.  Prol  Stevenson 
(pp.  886,  497,  499,  600)  notes  unconforraability  between  Meso- 
zoic and  Paleozoic  along  the  Eastern  Range,  {Front  or  Colorado 
Range^)  on  the  interior  axes  of  elevation,  and  in  the  southern 
part  of  his  area,  in  the  San  Juan  Mountains,  and  near  Tierra 
Amarilla,  New  Mexico.  Speaking  of  the  Front  Range,  he 
says:  "Along  the  Eastern  Range  no  Carboniferous  rocks  were 
exposed  at  an}'  locality  visited  by  me,  but  they  have  been  seen 
elsewhere  by  others.  They  must  be  quite  unconformable  to  the 
Trias,  as  it  overlaps  them  very  greatly."  Along  the  Front 
Range  the  Carboniferous  shows  only  where  the  overlying 
Triassic  has  been  eroded  away,  and  whatever  unconformability 
there  is,  is  an  unconformability  of  subsidence  and  not  of  up- 
heaval. The  difterence  of  dip  between  the  Paleozoic  strata 
and  overlying  Mesozoic  is  caused  by  an  abrupt  fold  and  the 
erosion  of  portions  of  the  strata.  Prof.  Stevenson  does  not 
seem  to  remember  that  as  we  recede  from  the  axis  of  elevation 
the  dip  of  the  rocks  diminishes,  and  that  if  the  more  steeply 
inclined  portion  of  the  Mesozoic  rocks  be  removed,  as  we 
recede  from  the  mountains  we  meet  only  with  the  edges  of  the 
strata  where  they  are  becoming  horizontal,  and  that  the  older 
layers  below  also  flatten  out  in  the  same  manner.  I  have  already 
shown  the  conformability  in  the  interior. 

In  the  reports  of  Dr.  Newberrv*  and  Prof.  Cope.f  I  can  find 
no  evidences  of  the  unconforraability  in  the  southern  portion 
of  the  San  Juan  Mountains  and  about  Tierra  Amarilla. 

Dr.  Endlich  says:j:  that  in  his  district,  **  although  the  Creta- 
ceous beds  dip  off,  apparently  uniformly,  in  the  same  direction 
(with  Oarbont/rrous)  unconformabilities  were  noticed  in  several 
instances."  These  he  thinks  were  due  to  a  gradual  rising  of 
that  portion  which  was  then  land.  I  am  inclined  to  explain  it 
by  the  subsidence  which,  as  I  hope  to  show  farther  on,  occurred 
over  so  large  a  portion  of  what  is  now  Colorado. 

The  next  statement  of  Prof.  Stevenson  that  I  shall  consider 
is,  that  "  The  second  epoch  of  elevation  began  toward  the  close 
of  the  Triassic."     (p.  500.) 

This  he  bases  on  the  unconforraability  between  the  Trias  and 
the  Cretaceous,  which  he  observed  along  the  Eastern  Range  at 

*  In  Macomb's  Report  on  the  Elxploring  Expedition  to  the  junction  of  Grand 
and  Green  Rivera. 

Jin  Report  of  Chief  of  Engineers,  Part  II,  1875. 
Report  U.  Q.  Qeol.  Surrej,  1874,  p.  215. 
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Golden,  near  Colorado  Springs,  and  near  Cafion  City  (pp.  490, 
500),  and  also  in  Huerfano  rark.  Near  Colorado  Springs  we 
have  the  following  section.*  Besting  on  the  Archaean  rocks 
are  Silurian  and  Carboniferous  rocks  dipping^  eastward  about 
10**.  Going  eastward  we  next  meet  with  Triaasic  red  sand- 
stones, standing  on  edge,  or  inclined  past  the  vertical.  From 
the  Trias  to  the  Dakota  group  of  the  Cretaceous  the  dip  de- 
creases to  40^,  and  this  gradually  diminishes  eastward  until  at 
Monument  Creek  it  is  only  4°.  At  first  sight  there  would  appear 
to  be  unconfonnability,  especially  close  to  the  Mountains,  but 
the  beds  are  conformable,  and  the  varied  dips  show  the  presence 
of  an  abrupt  fold,  which  is  somewhat  obscured  by  the  subse- 
quent erosion.f  The  same  thing  occurs  near  Golden,  (see  section 
18  on  plate opp.  p.  186,  Report  U.S.  Geol.  Survey,  1873.)  Mr. 
Marvine  says,j  **  Within  exceedingly  short  distances,  then, 
great  changes  of  dip  may  occur,  and  from  them,  with  but 
slight  changes  of  exposure,  unconfonnability  might  be  inferred. 
Yet  all  are  perfectly  conformable ;  the  sudden  change  really 
indicating  only  a  very  abrupt  flexure  in  the  main  fold,  as 
indicated  by  the  dotted  lines.  Near  Cafion  City,  neither  Dr. 
Hayden,  Dr.  Endlich,  Mr.  Holmes,  nor  myself  have  noted  any 
unconformability.  The  other  cases  are  probably  similar  to 
those  of  Golden  and  Colorado  Springs. 

What  I  now  wish  to  show  is  that  in  Colorado  the  evidence 
exists  that  there  was  a  subsidence  commencing  in,  or  prior  to 
the  Carboniferous,  and  continuing  through  the  Triassic,  Jui'as- 
sic,  Cretaceous  and  into  the  Tertiary.  This  may  have  been,  and 
doubtless  was  interrupted  by  oscillations,  but  the  general  move- 
ment was  depression  until  the  close  of  the  Cretaceous,  when 
there  were  probably  local  elevations.  A  general  gradual  eleva- 
tion of  the  whole  West  is  not  incompatible  with  local  depression 
in  Colorado.  There  are  evidences  that  the  upward  movement 
began  in  Cretaceous  time,  but  as  pointed  out  by  Dr.  Hayden 
and  Dr.  Newberry  the  elevation  of  the  Rocky  Mountains  took 
place  between  the  close  of  the  Cretaceous  and  that  of  the 
Miocene  Tertiary. 

From  a  study  of  the  Carboniferous  rocks  in  Colorado,  we 
learn  that  during  the  earlier  part  of  the  Carboniferous  age  deep 
seas  prevailed  with  large  continental  areas  or  islands.  As  the 
time  progressed  the  seas  became  shallower  and  encroached  more 
and  more  upon  the  land,  which  was  composed  mainly  of 
Archaean  rocks. 

The  Coal-measure  rocks  at  the  northern  end  of  the  Sawatch 
Range  denote  in  their  structure,  the  proximity  of  land  during 

♦  Report  of  U.  S.  Geol.  Survey,  1873,  pp.  201-205. 

J  See  sections  opp.  p.  40,  Report  of  U.  S.  Grool.  Survey,  1874. 
Report  of  U.  S.  GeoL  Survey,  1873,  p.  136. 
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their  deposition.  They  also  show  that  they  were  derived  from 
the  degradation  of  Archeean  rocks.*  West  of  the  Rio  Dolores, 
in  1875  and  1876,  I  noted  Upper  Carboniferous  rocks  resting 
on  the  Archaean,  and  in  the  lowest  bed,  which  was  a  coarse  con- 
glomerate, I  noted  large  angular  fragments  of  granitic  rock  ex- 
actly like  that  upon  which  the  bed  rested.  Ascending,  I  noticed 
the  beds  becoming  finer,  showing  that  the  shore  line  had 
advanced  to  the  eastward.  Farther  east  the  red  beds  (Trias) 
rest  on  the  Archaean  for  at  least  20  miles  (the  length  of  the 
Unaweep  Cafion)  and  probably  more,  with  no  older  sedimen- 
taries  between  them. 

In  New  Mexico,  Dr.  Newberry  found  the  Carboniferous  rocks 
resting  on  the  granite,  with  evidences  of  teri'estrial  surfaces  near 
by  when  they  were  formed.f 

It  is  evident  therefore  that  there  was  Archaean  land  above 
the  level  of  the  Carboniferous  sea,  and  that  it  was  subsiding  as 
the  age  progressed. 

This  subsidence  continued  through  Mesozoic  time.  Along 
the  eastern  front  of  the  Colorado  or  Front  Range,  with  one  or 
two  exceptions  where  they  have  been  removed  by  erosion,  the 
Red  Beds  (Trias)  rest  upon  the  granite,  (see  Reports  of  1873.) 
At  the  base  of  the  series,  Mr.  Marvine  found  conglomerates  of 
which  he  says,  **  It  is  in  these  lower  parts,  indeed,  that  the 
beds  are  so  directly  made  up  of  the  material  of  older  rocks 
Dear  b^  tliat  a  very  little  metamorphism  has  in  some  instances 
made  it  difficult  to  distinguish  small  masses  of  sandstone  from 
the  underlying  granites. "t  In  my  own  district,  south  of  Mr. 
Marvine's,  I  found  the  lower  bed  of  the  Tri;is,  a  light  colored 
conglomerate,  containing  pieces  of  unchanged  granite.  Above 
this  conglomerate,  the  sandstones  became  fine-grained  and 
uniformly  red  in  color,§  showing  that  the  shore  line  had  pro- 
gressed westward.  In  South  Park  the  Red  Beds  nowhere  rest  on 
the  granite ;  for,  on  the  east  side,  the  Dakota  group  rests  on  it, 
while  on  the  west  side  the  Paleozoic  rocks  are  inter- 
posed as  I  have  already  stated.  Continuing  the  section  west- 
ward to  the  Elk  Mountains  we  again  find  Pnleozoic  strata  be- 
neath the  Trias,  but  south  of  the  Elk  Mountains  both  the  Trias 
and  the  underlying  Paleozoic  are  absent,  and  the  Cretaceous  is 
superimposed  on  the  granite.  Following  down  the  Gunnison 
we  find  the  underlying  rocks  coming  in  gradually  until  the 
Bed  Beds  show  resting  on  the  granite.  West  of  the  Elk 
Mountains,  between  the  Gunnison  River  and  the  Rio 
Dolores,  the  Trias  rests  on  the  granite,  gradually  thicken- 
ing as  we  go   westward.      No    lower    strata    are   seen   until 

♦Report  U.  S.  GeoL  Survey,  1873,  pp.  243-245,  aud  Report  of  1874,  pp.  114-120. 
f  Report  EzpL  Exped  to  junction  of  Grand  and  Green  Rivers,  pp.  17  and  42. 
X  Report  U.  S.  Geol.  Survey,  1873,  p.  96.  §  Ibid.,  pp.  194,  \9^. 
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we  get  within  about  five  miles  of  the  Dolores,  when  Upper 
Carboniferous  strata  appear,  with  every  evidence  that  a 
shore  line  once  existed  there.  The  outcrop  of  Red  Beds 
resting  on  the  granite  is  exposed  to  view  continuously 
for  more  than  20  miles.  The  fact  that  the  Red  Beds  thin 
out  and  disappear  as  we  go  east,  and  that  the  Jurassic  does  the 
same  until  the  Cretaceous  alone  rests  on  the  granite,  points  to 
the  fact  that  the  sea  was  gradually  encroacning  on  the  land, 
and  there  must  have  been  a  subsidence  here  extending  into 
Cretaceous  time.  South  of  the  Gunnison  River  are  small 
areas  of  Archaean  rock  where  trachytic  flows  rest  upon  them 
with  no  sedimentaries  interposed,  and  in  others  the  Archaean 
rocks  project  through  the  trachyte  forming  isolated  granite 
hills. 

In  South  Park,  on  the  west  side  as  I  have  already  said,  the 
entire  series  of  sedimentaries  from  Primordial  to  the  top  of  the 
Cretaceous  is  present,  while  on  the  east  side  the  Dakota  group 
rests  on  the  granite.  Prof.  Stevenson  acknowledges  that  there 
was  subsidence  during  the  formation  of  the  Triassic  rocks,  as 
far  as  the  Front  Range  is  concerned.  He  says,  (p.  500),  "In 
this  region  there  was  a  subsidence  during  the  deposition  of  the 
Trias  which  affected  the  interior  little,  if  at  all,  for  over  the 
greater  portion  of  that  area  the  Trias  is  altogether  wanting.'^ 
Again  he  says,  (p.  490),  "  In  South  Park  the  Cretaceous  rocks 
rest  directly  upon  metamorphic  rocks,  and  are  themselves  more 
or  less  altered.  At  no  locality  were  they  seen  resting  upon  any 
sedimentary  rocks  older  than  themselves."  I  have  shown  that 
Triassic  rocks  show  at  more  than  one  locality  in  the  interior. 
On  the  east  side  of  South  Park  the  Dakota  Group  rests  on  the 
granite,  with  shales  above  it  containing  well  defined  Cretaceous 
fossils.  On  the  west  side  the  Dakota  Group  rests  on  Jurassic 
shales,  beneath  which  are  the  massive  Red  Beds  of  the  Trias.* 

Under  the  head  of  Carboniferous,  Prof.  Stevenson  refers  to 
exposures  of  coarse  sandstones  and  siliceous  limestones  on  the 
west  side  of  the  Park  extending  8  miles  east  of  the  mountains, 
(p.  373),  and  under  the  head  of  Cretaceous  he  says,  '*In  South 
Park  the  Cretaceous  rocks  occupy  a  synclinal  trough,  lying 
east  from  Fair-Play,  and  extending  from  the  mountains  at  the 
north  to  very  near  the  southern  boundary  of  the  park,  (p.  389)." 
He  does  not  appear  to  have  seen  the  Jura  and  Trias  oetween 
the  Cretaceous  and  Carboniferous  in  South  Park  (see  Be}.>ort8 
U.  S.  GeoL  Survey  for  1873),  or  if  he  did,  failed  to  recognize  it, 
as  I  can  find  no  reference  to  them  under  his  heading  Triassic 
and  Jurassic,  (pp.  378-382.) 

In  Middle  Park,  Mr.  Marvine  found  the  No.   1,  Cretaceous 

♦Report  U.  S.  GooL  Survey,  1869,  p.  79,  and  Report  for  1873,  pp.  3Mt 
j>p.  212-239. 


A,  C.  Peale — Age  of  the  Rocky  Mountains  in  Colorado.    179 

(Dakota  Group)  resting  on  the  granite  on  both  sides  of  the 
Park.*  Following  these  outcrops  farther  north,  in  1874,  he 
found  both  Jurassic  and  Triassic  beneath  the  Cretaceous  on  the 
granite,  and  on  the  west  of  the  Park  Range  the  whole  series  of 
sedimentaries  is  presentf  Speaking  of  Middle  Park  he  says,J 
'*  As  was  first  distinctly  pointed  out  by  Newberry  (Amer. 
Assoc.  Meeting,  Newport,  R  I.,  1860,  also  later  Proc.  Amer. 
Assoc.,  Aug.,  1873,  p.  185,  etc.),  east  of  the  range,  so  here  in 
the  Middle  Park,  the  general  aspect  of  the  formation  as  a 
wbole  is  that  of  a  'circle  of  deposition,'  an  encroaching  shore 
line  deposit  of  sandstones  attending  slow  submergence,  fol- 
lowed by  a  deeper  water  sediment  forming  slates  and  shales, 
but  not  reaching  suflScient  depth  or  attaining  the  proper  condi- 
tions to  develop  extended  limestone  deposits ;  in  turn  followed 
by  a  shallowing  sea  wiih  more  arenaceous  accumulations." 
The  area  of  Middle  Park,  therefore,  must  have  been  above  the 
level  of  the  Triassic  sea,  whose  shore  line  was  north  of  the 
park  but  gradually  encroaching  on  it,  so  that  in  Cretaceous 
time  the  subsidence  was  sufficient  to  allow  the  deposition  of  the 
Cretaceous  rocks. 

Prol  Stevenson  says,  (p.  500),  **It  is  probable  that  following 
this  upheaval  [at  the  close  of  the  IVias]  an  extensive  subsidence 
took  place  over  our  whole  area  to  admit  of  the  deposition  of 
the  Cretaceous,  which  occurs  not  only  on  the  plains  but  along 
all  the  old  interior  synclinal  troughs  and  in  the  southwest 
r^on.  The  close  of  the  Cretaceous  was  marked  by  violent 
disturbance  throughout  the  greater  portion  of  our  area.  Along 
the  edge  of  the  plains  the  dip  of  the  rocks  is  from  10*^  to  20  , 
though  in  some  localities  the  action  was  excessive,  turning  the 
strata  on  edge  or  pushing  them  over  at  Golden  and  the  Garden 
of  the  Gods.  In  South  Park  a  well  defined  synclinal  was  pro- 
duced." 

By  referring  to  the  sections  in  the  Reports  of  the  U.  S.  Geol. 
Survey  for  1873  and  1874,  it  will  be  seen  that  the  Lower 
Tertiary  |  is  conformable  to  the  underlying  Cretaceous.  In 
South  Park  toward  the  northern  end,  in  1873,  I  found  Lower 
Tertiary  fossils  in  beds  resting  on  the  granite  toward  the  east.§ 
What  the  relations  were  to  the  Cretaceous  at  the  west  I  was  una- 
ble to  determine  on  account  of  volcanic  action.  At  some  points 
along  the  eastern  front  of  the  Colorado  R;inge,  the  Lower  Tertiary 
overlaps  the  Cretaceous  and  rests  on  the  granite. T[     In  Middle 

♦  See  sections  opp.  p.  192,  Report  U.  S.  Geol.  Survey,  1873. 
f  Unpublished  geoL  map  of  Colorado,  U.  S.  Geol.  Survey. 

fBeport  U.  S.  Geol.  Survey,  p.  166. 
It  is  best  to  state  here  that  by  Lower  Tertiary  I  mean  the  debatable  Lignitic 
Groap  which  Prol  Stevenson  regards  as  Cretaceous. 

g  Report  U.  S.  Geol.  Survey,  1873,  p.  219,  and  section  Fig.  1,  Plate  VI 
opp.  p.  212. 

If  See  line  of  ooal  outcrop  map  of  base  of  mountainB  opp.  p.  4<(),  'SU^potV.T^ .  ^. 
Oeol  Bairex,  1874. 
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Park  Mr.  Marvine  found  the  Lower  Tertiary  and  the  underlying 
Cretaceous  conforraable  except  at  one  point*  In  southwestern 
Colorado  the  Cretaceous  and  Tertiary  appear  to  be  conformable, 
while  in  the  northwestern  part  of  the  state  the  strata  were 
apparently  conformable  from  the  base  of  the  Cretaceous  to  the 
middle  of  the  Miocene.  This  may  be  because  of  the  distance 
from  the  axis  of  elevation,  the  elevation  not  being  sufficient  to 
lift  the  area  above  the  sea-level  at  the  end  of  the  Lower  Ter- 
tiary. I  have  no  evidence  in  any  of  my  districts  of  any  violent 
action  at  the  close  of  the  Cretaceous.  The  apparent  uneon- 
formabilities  at  Golden  and  near  Colorado  Springs  1  have  already 
explained.  There  are,  however,  evidences  in  some  portions  of 
Colorado,  of  disturbance  toward  the  close  of  the  Cretaceous ; 
but  it  is  not  until  the  end  of  the  Lignitic  Period  that  we  find 
evidences  of  a  geological  break.f  There  was  probably,  as  indi- 
cated by  Hayden  and  Newberry,  an  elevation  commencing  in 
early  Tertiary  time,  for  the  marine  deposits  of  the  Tertiary 
change  gradually  to  fresh-water  deposits  as  we  ascend,  but 
there  was  no  marked  action  until  the  close  of  the  Lignitic. 
There  must  have  been  a  subsequent  depression,  for  east  of 
South  Park  near  Florissant,  we  find  MioceneJ  strata  resting  on 
granite,  with  no  older  beds  beneath,§  and  on  the  Colorado 
divide,  the  Miocene  rests  on  the  granite  of  the  Front  Range 
and  on  the  upturned  edges  of  older  strata.  The  lowest  beds 
here,  also,  were  evidently  made  from  the  material  derived  from 
the  adjacent  mountains.  In  Middle  Park,  Marvine  found 
Tertiary  beds  resting  on  the  granites  and  on  Cretaceous  shales, 
occupying  all  the  lower  basins.  "  Near  the  borders  of  these 
areas  these  beds  often  plainly  show  that  their  material  was 
derived  from  the  adjacent  rock,  often  being  of  coarse  gran- 
itic or  schistose  debris^  or  of  the  lignitic  sandstones  worked 
over.  "11 

From  what  I  have  written,  I  think  it  is  evident  that  in 
Colorado,  at  the  close  of  the  Carboniferous,  instead  of  an  eleva- 
tion there  was  subsidence  commencing  at  some  period  prior  to  the 
close  of  the  Carboniferous,  and  continuing  through  the  Triassic, 
Jurassic,  and  Cretaceous  into  Tertiarv  time. 

At  the  close  of  the  Trias  we  have  no  evidence  of  a  second 
epoch  of  elevation.  The  close  of  the  Cretaceous  was  not 
marked  by  violent  disturbance. 

I  agree  with  Prof.  Stevenson  that  during  the  early  Tertiary 
time  there  was  great  volcanic  activity  in  Colorado. 

*  Report  U.  S.  G«ol.  Survey,  1873,  p.  156. 
+  Report  U.  S.  Geol  Survey,  1873,  p.  157. 

\  By  Miocene  I  mean  beds  of  the  age  of  the  Green  River  formation  lying  below 
the  Bridger  Group. 

§  Report  U.  S.  Geol.  Survey,  1873,  p.  210. 
j  Report  U.  S.  GeoL  Survey,  p.  167. 
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The  following  conclusions  are,  I  think,  fairly  deduced  from 
the  facts  as  noted  in  Colorado: 

1st  In  very  early  time  in  Colorado  there  was  Archaean  land 
rising  above  the  Paleozoic  sea.  As  the  Carboniferous  age  pro- 
gressed this  land  diminished  by  encroachment  of  the  sea,  due  to 
subsidence  of  the  land.  This  subsidence  continued  through 
Triassic,  Jurassic,  and  Cretaceous  time  into  the  early  Tertiary. 

2d.  At  the  close  of  the  Lignitic  there  was  a  physical  break 
followed  by  a  subsidence  (at  least  locnlly)  and  subsequently  by 
elevation,  after  the  deposition  of  the  Miocene  strata. 

8d.  The  elevation  of  the  Rocky  Mountains  as  we  now  see 
them  in  Colorado,  is  the  result  of  an  elevation  commencing  in 
early  Tertiary  time,  and  continuing  through  the  period,  accel- 
erated perhaps  at  the  close  of  the  Lignitic,  and  after  the  de- 
position of  at  least  Lower  Miocene  strata.* 

The  elevation  of  the  mountains  was  probably  gradual  as  a 
general  movement 

It  is  an  interesting  fact  that  Colorado  has  a  higher  mean 
elevation  than  any  other  State  or  Territory  of  the  United 
States,t  and  that  we  find  there  the  highest  mass  of  mountains, 
and  that  the  evidence  points  to  the  fact  that  in  Paleozoic  time 
also  we  had  here  one  of  the  highest  areas,  thus  confirming 
what  Dr.  Newberry  has  already  intimated,}:  that  the  outlines  of 
the  western  part  of  the  North  American  Continent  were  out- 
lined from  earliest  Paleozoic  time. 


Abt.  XXI. — On  some  Points  in  connection  with  Vegetation  ;  by 

Dr.  J.  n.  Gilbert. 

[Concluded  from  page  111.] 

Is  the  nitrogen  combined  under  the  influence  of  the  soil  with  or 
without  the  aid  of  manures^  the  source  of  the  assimilated  nitrogen  f — 
But  if  the  plant  itself  cannot  either  assimilate  free  nitrogen,  or 
effect  its  combination  so  as  to  bring  it  into  a  state  for  its  use, 
may  not  such  combination  take  place  under  the  influence  of 
the  soil  ? 

More  than  thirty  years  ago,  Mulder  argued  that  in  the  last 
stages  of  decomposition  of  organic  matter  in  the  soil,  hydrogen 
was  evolved,  and  that  this  nascent  hydrogen  combined  with 
the  free  nitrogen  of  the  air,  and  so  formed  ammonia. 

^  This  ele?ation  is  probably  going  on  at  present  also. 

f  List  of  Elevations,  by  H.  Cfannett,  U.  S.  Geol.  Survey,  Miscel.  pub.  No.  1,  3d 
edition,  p.  47. 

X  See  Ives  Exploring  Expedition,  GeoL  Rep.,  p.  47,  also  p.  67  of  Macomb's  Ex- 
pkviiig  Expedition  to  the  junction  of  Grand  and  Green  Rivers. 
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A  few  years  ago  Deh^rain  substantially  revived  this  view. 
He  maintained  that  at  a  certain  depth  the  air  of  the  soil  is  poor 
in,  or  destitute  of,  oxygen;  that  hydrogen  is  evolved  from  the 
decomposing  organic  matter;  that  it  unites  with  free  nitrc^a 
to  form  ammonia;  and,  that  so,  combined  nitrogen  increases 
in  the  soil  in  spite  of  the  growth  and  removal  of  crops.  This 
view  he  supports  by  some  laboratory  experiment& 

It  is  obvious  that  if  the  reality  of  this  action  in  soils  were 
unquestionably  established,  it  would  greatly  aid  the  solution 
of  the  question  we  are  discussing.  There,  are,  indeed,  results 
of  others  on  record  which  would  seem  to  lend  it  probability. 

Thus,  Bretschneider  found,  on  exposure  of  a  mixture  of 
humic  acid  and  quartz  sand  to  the  air  for  a  whole  year,  under 
conditions  in  which  it  was  protected  from  rain  and  insects,  that 
there  was  a  gain  of  combined  nitrogen  which  would  represent 
an  increase  of  more  than  40  lbs.  per  acre. 

Again,  Boussingault  exposed  a  moist  garden  soil  for  three 
months,  and  found  a  small  gain  of  nitrogen.  His  explanation, 
was,  however,  different  He  supposed  it  possible  that  ozone 
might  be  evolved  in  the  oxidation  of  organic  matter  in  the 
soil,  and  unite  with  free  nitrogen,  and  so  nitric  acid  be  pro 
duced,  and  the  soil  gain  in  combined  nitrogen.  In  other  ex- 
periments Boussingault  put  mixtures  of  vegetable  mould  and 
pure  sand  in  small  quantities  in  large  glass  vessels  which  he 
perfectly  closed  and  preserved  in  a  dark  cellar  for  a  whole 
year.  At  the  end  of  that  period  oxidation  of  organic  matter 
had  taken  place,  nitric  acid  was  found,  but  there  was  upon  the 
whole  a  small  loss  of  combined  nitrogen.  Lastly  in  regard  to 
Boussingault's  results  bearing  upon  this  point,  it  has  already 
been  shown  that  in  all  of  his  experiments  with  plants  in  which 
his  soils  consisted  of  ignited  pumice,  ignited  bnck,  or  the  like, 
without  organic  matter,  he  found  no  gain  of  combined  nitro- 
gen in  soil  and  plant.  In  1858  and  1859,  however,  he  made  a 
number  of  experiments  on  growth,  in  which  part  of  the  soil 
consisted  of  rich  garden  mould  ;  and  in  two  cases  with  lupins 
growing  in  confined  air,  and  in  one  with  haricot  growing  in 
free  air,  his  results  showed  a  notable  gain  of  combined  nitro- 
gen :  and  although  the  quantity  of  garden  mould  employed 
was  not  the  same  in  the  three  cases,  tne  gain  of  nitrogen  was 
approximately  in  proportion  to  the  amount  of  soil  used.  The 
gain  was,  incfeed,  in  the  soil  rather  than  in  the  plant.  In  the 
other  experiments^  however,  either  uiucli  less,  or  no  gain  was 
indicated. 

Much  more  recently,  Boussingault  has  published  the  results 
of  experiments  which  showed  that  when  a  garden  soil  was  con- 
fined for  about  eleven  years  in  closed  glass  vessels  in  an  atmos- 
phere containing  oxygen,  the  free  nitrogen  did  not  serve  for 
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the  formation  of  nitric  acid  within  it;  but,  on  the  contrary,  the 
soil  lost  a  portion  of  its  combined  nitrogen. 

Since  the  delivery  of  this  lecture,  M.  Berthelot  (Compt 
Rend.,  t  Ixxxii,  p.  1857)  has  stated  that  in  experiments  in 
which  he  exposed  moistened  cellulose  to  an  electric  current  in 
an  atmosphere  of  nitrogen,  he  found  nitrogen  taken  up,  and  a 
fixed  nitrogenous  body  formed.  Referring  to  the  last  men- 
tioned experiments  of  M.  Boussingault,  and  his  conclusions 
from  them,  M.  Berthelot  objects  that  the  soils  being  in  closed 
glass  vessels,  the  intervention  of  atmospheric  electricity  was 
excluded,  and  the  conditions  of  the  experiments  were,  so  far, 
unlike  those  of  a  natural  soil. 

Being  very  desirous  to  know  the  present  opinion  of  M. 
Boussingault  on  the  various  points  involved  in  this  important 
question  of  the  sources  of  the  nitrogen  of  vegetation,  1  wrote 
to  him  shortly  after  undertaking  to  give  this  address,  and  asked 
whether  he  would  be  kind  enough  to  favor  me  with  a  state- 
ment of  his  views  on  certain  points.  Unfortunately  his  reply 
did  not  reach  me  until  after  the  delivery  of  the  lecture;  but, 
with  his  permission,  I  am  now  enabled  to  contribute  a  very 
valuable  addition  to  the  discussion  in  the  form  of  a  translation 
of  the  more  essential  parts  of  M.  Boussingault's  letter.  He 
says: — 

"  (1.)  In  confined  stagnant  air,  or  in  air  moving  through  a 
closed  apparatus,  after  previous  purification,  but  still  contain- 
ing carbonic  acid,  plants  growing  in  a  soil  destitute  of  nitro- 
genous manure,  but  containing  the  mineral  substances  indis- 
pensable for  the  vegetable  organism,  do  not  assimilate  the 
nitrogen  which  is  in  a  gaseous  state  in  the  atmosphere^' 

"(2.)  In  the  open  air,  in  a  soil  destitute  of  nitrogenous  man- 
ure, but  containing  the  mineral  substances  necessary  for  the 
v^etable  organism,  plants  acquire  very  minute  quantities  of 
nitrogen,  arising,  no  doubt  from  minute  proportions  of  fertiliz- 
ing nitrogenous  ingredients  carried  by  the  air,  ammoniacal 
vapors,  and  dust,  always  containing  alkaline  or  earthy  nitrates." 

"(8.)  In  confined  stagnant  air,  or  in  air  renewed  in  a  closed 
apparatus,  a  plant  growing  in  a  soil  containing  a  nitrogenous 
manure,  and  mineral  substances  necessary  for  the  vegetable 
organism,  or  in  fertile  vegetable  earth,  does  not  assimilate  free 
nitrogen." 

"(i)  In  field  culture,  where  dung  is  applied  in  ordinary 
quantities,  analysis  shows  that  there  is  more  nitrogen  in  the 
crops  than  was  contained  in  the  manure  applied." 

"  This  excess  of  nitrogen  comes  from  the  atmosphere,  and 
from  the  soil." 

"(A.J  From  the  atmosphere,  because  it  furnishes  ammonia 
in  Uie  torm  o|  carbonate,  nitrates  or  nitrites,  and  various  k\w\i^ 
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of  dust  Theodore  de  Saussure  was  the  first  to  demonstrate 
the  presence  of  ammonia  in  the  air,  and  consequectly  in 
meteoric  waters.  Liebig  exaggerated  the  influence  of  this 
ammonia  on  vegetation,  since  he  went  so  far  as  to  deny  the 
utility  of  the  nitrogen  which  forms  a  part  of  farm-yard  manure 
This  influence  is,  nevertheless,  real,  and  comprised  within 
limits,  which  have  quite  recently  been  indicated  in  the  remark- 
able investigations  of  M,  Schlosing/' 

**(B.)  From  the  soil,  which,  besides  furnishing  the  crops 
with  mineral  alkaline  substances,  provides  them  with  nitrogen, 
by  ammonia,  and  by  nitrates,  which  are  formed  in  the  soil  at 
the  expense  of  the  nitrogenous  matters  contained  in  diluvium, 
which  is  the  basis  of  vegetable  earth ;  compounds  in  which 
nitrogen  exists  in  stable  combination,  only  becoming  fertilizing 
by  the  effect  of  time.  If  we  take  into  aexjount  their  immensity, 
the  deposits  of  the  last  geological  period  must  be  considered  as 
an  inexhaustible  reserve  of  fertilizing  agents.  Forests,  prairies, 
and  som^  vineyards,  have  really  no  other  manures  than  what 
are  furnished  by  the  atmosphere,  and  by  the  soil.  Since  the 
basis  of  all  cultivated  land  contains  materials  capable  of  giving 
rise  to  nitrogenous  combinations,  and  to  mineral  substances, 
assimilable  by  plants,  it  is  not  necessary  to  suppo^  that  in  a 
system  of  cultivation  the  excess  of  nitrogen  found  in  the  crops 
is  derived  from  the  free  nitrogen  of  the  atmosphere.  As  for 
the  absorption  of  the  gaseous  nitrogen  of  the  air  by  vegetable 
earth,  I  am  not  acquainted  with  a  single  irreproachable  obser- 
vation that  establishes  it ;  not  only  does  the  earth  not  absorb 
gaseous  nitrogen,  but  it  gives  it  off,  as  you  have  observed  in 
conjunction  with  Mr.  Lawes,  as  Eeiset  has  shown  in  the  case  of 
dung,  as  M.  Schlosing  and  I  have  proved  in  our  researches  on 
nitrification." 

"  If  there  is  one  fact  perfectly  demonstrated  in  physiology, 
it  is  this  of  the  non-assimilation  of  free  nitrogen  by  plants; 
and  I  may  add  by  plants  of  an  inferior  order,  such  as  myco- 
derms,  and  mushrooms." 

Numerous  experiments  of  Schlosing  indicate  a  similar  result 
to  that  last  quoted  of  Boussingault.  He  selected  a  soil  rich  in 
humus,  containing  about  16  per  cent  of  moisture,  and  0'268 
per  cent  of  combined  nitrogen.     Known  quantities  of  it  were 

{)laced  in  large  wide  glass  tubes,  and  during  a  period  of  about 
our  months,  he  aspirated  over  them  air  containing  respec- 
tively from  1*5  to  21  per  cent  of  oxygen.  He  determined  the 
carbonic  acid  in  the  air  passing  off,  and  the  nitric  acid  in  the 
soil  before  and  after  the  experiment  He  found  that  both  the 
combustion  of  the  organic  matter,  and  the  formation  of  nitric 
acid,  were  very  considerable,  even  with  the  lowest  proportion 
of  oxygen  in  the  air ;  but  that  the  formation  of  the  nitric  acid 
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in  particular  was  very  much  the  greater,  the  larger  the  propor- 
tion of  oxygen  in  the  air. 

In  a  second  set  of  experiments,  he  used  the  soil  in  a  moister 
condition  ;  and  instead  of  the  experiment  in  which  the  air  con- 
tained only  1*5  of  oxygen,  he  employed  pure  nitrogen;  and 
the  experiments  extended  over  a  period  of  about  six  montha 
In  the  case  in  which  the  aspirated  air  contained  no  oxygen, 
the  whole  of  the  nitric  acid  previously  existing  in  the  soil  dis- 
appeared ;  but  in  the  other  cases  there  was  a  considerable  for- 
mation of  nitric  acid. 

In  a  thiixi  set  of  experiments,  Schlosing  determined  the 
nitric  acid  in  the  soils,  and  added  known  quantities  of  potas- 
sium nitrate  in  a  dilute  solution.  The  mixture  was  enclosed 
in  a  flask  of  several  times  the  capacity  of  the  volume  of  soiL 
At  the  conclusion  of  the  experiment  only  traces,  if  any,  of  gas 
containing  hydrogen  and  carbon  were  present  in  the  air  of  the 
vessel.  The  amount  of  ammonia  in  the  soil  increased  con- 
siderably, but  in  only  small  proportion  to  that  which  the  nitric 
acid  would  yield.  At  the  end  of  the  first  experiment  more 
potassium  nitrate  was  added,  and  an  atmosphere  of  known 
volume  and  composition  supplied.  At  the  conclusion  of  this 
experiment  the  soil  contained  no  nitric  acid ;  the  amount  of 
ammonia  was  increased,  but  again  in  only  small  proportion  to 
the  amount  which  the  nitrate  would  yield.  There  was  indeed 
a  loss  of  total  nitrogen  in  the  soil. 

Schlosing  concludes  that  the  combustion  of  organic  matter 
in  the  soil  is  accompanied  by  a  loss  of  nitrogen :  that  the  com- 
bustion mav  be  at  the  cost  of  the  air  as  in  the  experiment  of 
Boussingault,  or  at  the  cost  of  nitrates,  of  ferric  oxide,  or  of 
the  oxygen  of  organic  matter,  as  in  his  own  experiments. 

It  will  be  seen  that  on  this  important  point  of  whether  or 
uot  the  soil  may  acquire  combined  nitrogen  either  in  the  form 
of  ammonia  by  the  combination  of  free  nitrogen  with  nascent 
hydrogen  evolved  in  the  decomposition  of  organic  matter  in 
defect  of  oxygen,  or  in  the  form  of  nitric  acid  by  the  oxyda- 
tion  of  free  nitrogen,  the  evidence  is,  to  say  the  least,  conflict- 
ing. The  more  recent  results  of  Boussingault,  and  those  of 
Schlosing,  would,  however,  indicate  a  greater  probability  of  a 
loss  of  combined  nitrogen,  :md  evolution  of  free  nitrogen. 

Judging  of  the  probabilities  by  reference  to  some  of  the  re- 
sults of  our  own  investigations,  we  think  that  they  are  rather 
against  than  in  favor  of  the  supposition  that  there  is  any 
material  gain  of  the  kind  assumed  by  Mulder  and  Deh^rain. 
It  may  be  well,  however,  briefly  to  call  attention  to  some  few 
£Eu;ts  which  seem  to  bear  upon  the  point,  whether  in  favor,  or 
otherwise,  of  the  view  in  question. 

Am.  Joub.  Sol— Third  Sbbibs,  Vol.  Xin,  No.  75.— Maboh,  ISTT, 
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The  action  assumed  by  Mulder  and  Deh^rain,  if  it  have 
place  at  all  in  soils  in  their  natural  condition,  would  be  sap- 
posed,  and  is  assumed,  by  Deh^rain,  to  occur  in  layers  suf- 
ficiently deep  to  be  poor  in  oxygen.  In  the  lower  layers  of 
the  soil  there  is,  however,  a  deficiency  of  carbonaceous  oi^nic 
matter  also.  Again,  if  such  formation  of  ammonia  do  take 
place,  it  is  probable  that  some  at  any  rate  of  it  must  be  oxi- 
dized into  nitric  acid;  a  condition  which,  on  the  other  band, 
implies  an  atmosphere  not  poor  in  oxygen.  Thus,  numerous 
results  of  analysis  of  the  drainage  water  from  many  of  the  ex- 
perimental plots  at  Rothamsied,  to  which  further  reference  will 
DC  made  present^,  show  that  nearly  the  whole  of  the  combined 
nitrogen  in  the  drainage  collected  at  a  depth  of  about  thirty 
inches,  exists  as  nitrates  and  nitrites ;  whicn,  obviously,  would 
hardly  be  the  case  if  the  solution  passed  through  a  considera- 
ble layer  of  soil,  the  interstices  of  which  contained  an  atmos- 
phere poor  in,  or  destitute  of,  oxygen. 

Again,  assuming  such  formation  of  ammonia  to  take  place  in 
the  upper  layers  of  the  soil,  where  there  is  the  most  organic 
matter,  and  much  oxidation  of  it,  the  supposition  would  be 
that  the  conditions  would  favor  oxidation  rather  than  the  for- 
mation of  ammonia  from  free  nitrogen  ;  and  the  fact  of  the 
formation  of  a  good  deal  of  nitric  acid  by  the  oxidation  of 
nitrogenous  organic  matter,  or  ammonia,  in  the  surface  soil, 
is  sufficiently  established. 

Further,  if  it  were  to  the  action  assumed  by  Mulder  and 
Deh6rain  taking  place  in  the  upper  layers  of  the  soil  that  we 
owe  the  supplies  of  combined  nitrogen  available  to  leguminous 
and  other  plants  which  assimilate  so  much  more  of  it  over  a 
given  area  than  the  Qraminese,  the  question  may  be  asked — 
why  cannot  the  Graminese  avail  themselves  of  this  superficial 
supply?  On  this  point  it  may  be  mentioned  that,  on  some 
parts  of  the  experimental  wheat  and  barley  fields  at  Rotham- 
sted,  farm-yard  manure  has  been  applied  year  after  year,  for  a 
quarter  of  a  century  or  more,  in  quantity  containing  perhaps 
six  or  seven  times  as  much  nitrogen  as  is  removed  in  the  in- 
crease of  crop,  and  that  thus  the  percentage  of  nitrogen  in  the 
surface  soil  has  been  more  than  doubled.  Yet,  as  large  a  pro- 
duce of  barley,  and  a  larger  produce  of  wheat,  is  annually 
obtained  by  the  use  of  .very  much  smaller  quantities  of  nitrogen, 
as  ammonia-salts  or  nitrate.  It  would  thus  appear  that  the  ni- 
trogen of  the  farm-yard  manure  was  only  available  to  the  cereals 
after  its  transformation  into  ammonia  or  nitric  acid.  Unfortu- 
nately, we  are  not  at  present  able  to  adduce  direct  experimental 
evidence  as  to  the  condition  in  which  the  large  amount  of  ineffi- 
cient nitrogen  exists  in  the  soil,  or  as  to  whether  a  leguminous 
crop  would  or  would  not  grow  luxuriantly  in  it,  but  there  is 
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little  doubt  that  it  would  do  so.  Od  the  other  hand,  a  good 
crop  of  clover  would  appear  to  be  attainable  in  soil  comparatively 
poor  in  nitrogen  in  its  upper  layers,  and  comparatively  poor  in 
organic  matter  also ;  for,  in  the  experiments  already  referred  to 
in  which  barley  was  grown  after  barley  and  after  clover,  the 
large  amount  oi  clover  obtained,  and  nitrogen  assimilated  in  it, 
was  after  six  com  crops  grown  by  artificial  manure  alone  ;  con- 
ditions under  which  the  amount,  ooth  of  available  nitrogen,  and 
of  organic  matter,  in  the  upper  layers  of  the  soil,  would  be  sup- 
posed to  be  comparatively  small 

The  answer  oi  Dehdrain  would  probably  be,  that  under  the 
circumstances  supposed,  the  nitrogen  would  be  in  a  condition 
of  combination  not  favorable  for  assimilation  by  the  Graminese; 
that,  in  fact,  the  ammonia  formed  would  combine  with  organic 
acids  in  the  soil,  yielding  compounds  specially  favorable  as  food 
for  the  Leguminosse.  An  objection  to  this  view  is,  that  if  the 
accumulation  in  the  soil  by  time,  of  nitrogen  in  a  condition 
specially  favorable  for  the  Leguminosae  were  such  as  is  here 
assumed,  we  should  expect  the  amount  of  nitrogen  in  the  soil, 
determinable  by  the  soda-lime  process,  to  be  higher  before  than 
after  the  growth  of  a  leguminous  crop ;  whereas,  on  the  contrary, 
after  the  growth  of  a  leguminous  crop,  the  amount  of  nitrogen 
so  determinable  in  the  upper  layers  of  the  soil  is  very  apprecia- 
bly increased. 

The  evidence  in  favor  of  the  supposition  that  the  special 
source  of  nitrogen  to  the  Leguminosse  is  ammonia,  or  other 
compounds  than  nitric  acid,  in  the  upper  layers  of  the  soil,  is 
then,  to  say  the  least,  inconclusiva  It  remains  to  consider 
whether  it  may  not  be  nitric  acid,  either  in  the  soil  or  in  the 
subsoil? 

As  already  said,  there  is  abundant  evidence  of  the  formation 
and  existence  of  a  considerable  amount  of  nitric  acid  in  surface 
soils;  even  in  such  as  contain  a  relatively  high  amount  of  car- 
bonaceous and  nitrogenous  organic  matter.  For  example,  a 
soil  at  Bothamsted  which  has  been  under  garden  cultivation, 
and  as  such  probably  manured  almost  every  year  for  centuries, 
has  successfully  grown  clover  every  year  for  more  than  twenty 
years.  This  soil  was  shown  by  the  late  Dr.  Pugh,  and  has 
been  again  recently  by  Mr.  Warington,  to  contain  a  consider- 
able amount  of  nitric  acid.  But  such  a  soil  would,  there  is  no 
doubt,  grow  large  crops  of  Qraminese  also ;  which  direct  ex- 
periments show  to  attain  great  luxuriance  under  the  influence 
of  artificially  applied  nitrates.  But  such  a  rich  garden  soil 
contains  an  abundance  of  every  thing — mineral  constituents, 
carbonaceous  organic  matter,  and  combined  nitrogen  in  various 
forms,  and  thus  the  exact  conditions  which  it  supplies  favor- 
able to  the  Leguminosffi  cannot  at  once  be  discriminated. 
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The  fact  of  the  comparatively  little,  or  at  least  uncertain  action 
of  directly  applied  nitrates  on  the  growth  of  the  L^uminosse, 
would  seem  to  be  inconsistent  with  the  supposition  that  it  is 
the  nitric  acid  in  such  a  surface  soil  that  has  given  it  its  special 
adaptation  for  the  growth  of  clover  for  so  many  years — unless, 
indeed,  it  be  the  case,  that  it  is  much  more  available  to  such 
crops  when  in  combination  with  some  bases  than  with  others. 

The  next  point  to  consider  is,  whether  there  are  any  facts  in 
favor  of   the  supposition  that  clover,  and  leguminous  crops 

S generally,  acquire  any  material  proportion  of  their  nitrogen  in 
ower  layers,  and  in  a  more  extended  range  of  the  soil,  than 
the  Gramineae.  As  an  element  in  the  discussion  of  this  ques- 
tion, it  will  be  well  in  the  first  place  to  call  attention  to  the 
eflfects  of  direct  nitrogenous  manures,  such  as  ammonia-salt,  or 
nitrates,  on  the  growth  of  some  of  our  crops. 

In  Table  VIII  is  shown  the  estimated  amounts  of  carbon, 
yielded  per  acre  per  annum,  in  wheat  over  twenty  years,  in 
twirley  over  twenty  years,  in  sugar-beet  over  three  years,  and 
in  beans  over  eight  years;  each  with  a  complex  mineral 
manure  alone,  and  each  with  the  same  mineral  manure  and 
given  quantities  of  nitrogen  in  addition,  supplied  in  some  cases 
m  the  form  of  ammonia-salts,  and  in  others  as  nitrate.  The 
gain  of  carbon  by  the  use  of  the  nitrogenous  manure  is  also 
given. 

Table  VIII. — Estimated  yield  and  gain  of  Carbon  per  aerej  per  anmem,  in  experi- 

mental  Crops  at  Rothamated. 


Mannrtog,  Quantities  per  acre,  per  annum. 


Arerage  Carbon 

per  acre, 

per  annum. 


Actual  I   Gain. 


Wheat  20  years,  1862-1871. 


Complex  Minerftl  Manure 

Complex  Min.  Man.  and  41  lbs.  nitrogen,  as  ammonia 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  ammonia 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  nitrate 

Barley  20  years,  1852-1871. 

Complex  Mineral  Manure 

Complex  Min.  Man.  and  41  lbs.  nitrogen,  as  ammonia 

Sugar-Beet  3  years,  1871-1873. 

Complex  Mineral  Manure 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  ammonia 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  nitrate 

Beans  8  years,  1862  and  1864-1870, 

Complex  Mineral  Manure 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  nitrate 


Ibe. 

lbs. 

988 

1590 

602 

2222 

1234 

2500 

1512 

1136 

2634 

1498 

3081 

1945 
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It  is  quite  evident  that  in  the  case  of  the  gramineous  crops, 
wheat  and  barley,  which  contain  a  comparatively  low  per- 
centage of  nitrogen,  and  assimilate  a  comparatively  small 
amount  of  it  over  a  given  area,  and  also  in  that  of  the  sugar- 
beet,  there  was  a  greatly  increased  amount  of  carbon  assimi- 
lated by  the  addition  of  nitrogenous  manure  alone.  In  the 
case  of  the  wheat,  there  is  much  more  effect  from  a  given 
amount  of  nitrogen  supplied  as  nitrate,  which  is  always  applied 
in  the  spring,  than  from  an  equal  quantity  as  ammonia-salts, 
which  are  applied  in  the  autumn,  and  are  subject  to  winter 
drainage.  There  is  also  more  effect  from  ammonia-salts 
appliea  to  barley  than  to  wheat;  the  application  being  made 
for  the  former  in  the  spring  and  for  the  latter  in  the  autumn. 
There  is  again  more  effect  from  the  nitrate  than  from  the 
ammonia-salts  when  applied  to  sugar-beet,  the  application 
being  made  in  both  cases  at  the  same  date,  in  the  spnng. 

On  the  other  hand,  the  effect  of  the  nitrogenous  manure 
upon  the  highly  nitrogenous  bean  crop  is  seen  to  be,  compara- 
tively, very  insignificant. 

In  reference  to  this  point,  it  should  be  observed  that  there 
has  been  this  greatly  increased  assimilation  of  carbon  in  the 
wheat  and  in  the  barley  for  more  than  twenty  years,  without 
the  addition  of  anv  carbon  to  the  soil  It  is  indeed  certjiin 
that,  in  the  existing  condition  of  our  soils,  the  increased  growth 
of  our  staple  and  starch-yielding  grains  is  greatly  dependent 
on  a  supply  of  nitrogen  to  the  soil.  It  is  equally  certain  that 
the  increased  production  of  sugar  in  the  gramineous  sugar- 
cane, in  the  tropics,  is  likewise  greatly  dependent  or;  the  supply 
of  nitrogen  to  tne  soil. 

In  reierence  to  the  great  increase  in  the  assimilation  of  car- 
bon in  the  sugar-beet  by  the  use  of  purely  nitrogenous 
manures,  it  may  be  of  interest  to  observe  that  over  the  three 
years  of  the  experiments  with  sugar-beet,  the  increased  produc- 
tion of  sugar  per  acre  per  annum  was  about  20  cwts.  by  the 
use  of  82  lbs.  of  nitrogen  per  acre  per  annum  as  ammonia-salts, 
and  about  28  cwts.  by  the  use  of  82  lbs.  of  nitrogen  as  nitrate 
of  soda. 

It  is  then  our  characteristically  starch  and  sugar-producing 
crops  that  are  the  most  characteristically  benefited  by  the 
application  of  nitrogenous  manures;  while  our  highly  nitro- 
genous leguminous  crops  are  comparatively  little  benefited  by 
such  manures. 

Proportion  of  nitrogen  of  manure  got  back  by  the  increase  of 
crops. — But  now  let  us  consider  what  is  the  proportion  of  the 
nitrogen  supplied  in  manure  that  we  get  back  in  the  increase 
of  the  crops  tnat  are  most  specially  benefited  by  its  use? 

In  Table  IX  is  shown  the  amount  of  nitrogen  Tecio\^t^^^\A 
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the  amount  not  recovered,  in  the  increase  of  crops  for  100  sop- 
plied  in  manure,  to  wheat,  and  to  barley,  respectively;  the 
result  being  in  each  case  the  average  over  a  period  of  twenty 
years. 

Table  IX. — Niiirogen  recovered,  and  not  recoveredf  in  ike  increa&e  of  Prodvice,  for 

100  supplied  in  Manure, 


MftnnrlBg,  qiumtitiM  per  sere,  per  annimi. 


For 

lOO  Nltroseatai 

Mftwire. 


Beeov- 
eredln 
lDcr*ee. 


Not 
eoTered 

IB 


Wheat  20  years,  1862-1871. 

Complex  MiiL  Man.  and  41  lbs.  nitrogen,  as  ammonia  ..... . 

32*4 
32-9 
45-3 

67-6 
671 
54-7 

Complex  Min.  Man.  and  82  lbs.  nitrogen,  as  ammonia 

Complex  Min.  Man.  and  82  lbs.  nitrogen^  aa  nitrate 

Barley  20  years,  1852-1871. 

Complex  Min.  Man.  and  41  lbs.  nitrogen,  as  ammonia 

481 

51-9 

Speaking  generally,  it  may  be  said  that,  nothwithstanding 
the  great  effects  produced  by  the  nitrogenous  manures,  two- 
thirds  of  the  nitrogen  supplied  were  unrecovered  in  the  increase 
of  crop  when  the  ammonia-salts  were  applied  to  wheat ;  the  ap- 
plication being  made  in  the  autumn.  When,  however,  nitrate 
of  soda  was  used,  which  is  always  applied  in  the  spring,  the 
quantity  left  unrecovered  was  not  much  more  than  hali  that 
supplied.  With  barley  also,  the  manuring  for  which  takes 
place  in  the  spring,  there  is  again  nearly  half  the  nitrogen  sup- 

f)lied  in  the  manure  recovered  in  the  increase,  and  therefore 
ittle  more  than  half  left  unrecovered. 

It  may  be  observed  that,  in  the  case  of  root-crops,  when  the 
supply  of  nitrogen  is  not  excessive,  the  proportion  of  the  nitro- 
gen of  the  manure  recovered  in  the  increase  may  be  much  greater 
than  in  the  case  of  the  cereals;  while  in  the  case  of  the  Legu- 
minos»  the  effects  of  such  direct  application  of  soluble  nitro- 
genous manures  to  the  surface  soil  is  comparatively  so  small, 
and  so  uncertain,  that  it  would  be  useless  to  give  an  estimate 
of  the  amounts  recovered  and  not  recovered  respectively. 

But  what  becomes  of  the  one-half  or  two-thirds  of  the  nitro- 
gen supplied  for  the  increased  growth  of  the  cereals,  but  not 
recovered  in  the  increase  of  crop?  Dr.  Frankland  and  Dr. 
Voelcker  have  made  numerous  analyses  of  the  drainage  water 
from  the  experimental  wheat  plots  which  have  yielded  the  results 
above  referred  to,  and  a  summary  of  their  results  is  given  in 
Table  X. 
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Tabls  X — Nttroffm  as  Nitrates  and  NiHtea,  per  100,000  parts  of  Drainage  Water 
frovn  Plots  different  tMinwed^  in  the  Experimental  Wheat  Field  at  Bothamsted, 
Wheat  every  year^  commencing  1844. 


Quaiititieft  per  acre,  per  aDmnn. 


lbs. 


Fum-jard  Manure 

Without  Manure 

Complex  Mineral  Manure 

Ckmiplez  Min.  Man.   and  41 

nitrogen,  as  ammonia 

Complex  Min.   Man.  and  82  lbs. 

nitrogen,  as  ammonia 

Complex  Min.  Man.  and  123  lbs. 

ni^x)gen,  as  ammonia 

Complex  Min.  Man.  and  82  lbs. 

nitrogen,  as  nitrate 


Nitrogen  m  Nitrates  and  Kltrites,  per  100,000 
part*  Drainage  Water. 


Dr.  FranUand*8 
Beaolta. 


Experi- 
ments. 

4 
6 
6 


0-922 
0-316 
0-349 

0-793 
1-477 
1-951 
1039 


Dr.  Voelcker*8 
BesnlU. 


Mean. 


Experi- 
ments. 

2 
5 
5 


1-606 
0-390 
0-506 

0-853 
1-400 
1-679 
1-835 


Experi- 
ments. 

6 
11 
11 

11 
11 
11 


10 


1-264 
0-353 
0-428 

0-823 
1-439 
1-815 
1-437 


The  figures  in  the  Table  conclusively  show  that  the  quantity 
of  nitrogen  as  nitrates  per  100,000  parts  of  the  drainage  water, 
increased  in  very  direct  proportion  to  the  increase  in  the  amount 
of  ammonia  or  nitrate  supplied,  and  it  is  obvious  that  there  has 
been  a  considerable  loss  of  the  nitrogen  of  the  manures  by 
drainaga  But  as  the  subsoil  rests  upon  chalk  not  many  feet 
below  the  surface,  and  there  is,  therefore,  natural  drainage  con- 
stantly going  on,  even  when  there  is  no  flow  from  the  pipes,  it 
is  impossible  accurately  to  estimate  the  total  amount  of  drainage, 
and  tlierefrom  the  total  amount  of  loss.  Other  experiments  at 
Bothamsted,  however,  lead  to  the  conclusion  that,  according  to 
season,  from  one-quarter  to  nearly  one-half  of  the  annual  rain- 
fall may  pass  below  40  inches.  Isow,  supposing  drainage  water 
to  contain  one  part  of  nitrogen  as  nitrates  per  100,000  parts  of 
water,  an  inch  of  rain  passing  beyond  the  reach  of  the  roots 
would  carry  with  it  2i  lbs.  of  nitrogen  per  acre ;  and  it  is  obvi- 
ous that  if  from  seven  to  ten  inches  passed  annually  of  that  av- 
erage strength,  the  loss  would  be  very  great  In  reference  to 
this  point  it  is  of  much  interest  to  observe,  that  in  the  Report 
of  the  Biver*s  Pollution  Commission  already  referred  to,  Dr. 
Frankland  gives  a  series  of  analyses  of  land  drainage  waters 
collected  at  Bothamsted,  at  depths  of  twenty,  forty,  and  sixty 
inches,  respectively;  and  those  collected  at  twenty  inches,  al- 
most invariably  show  much  more  nitrogen  as  nitric  acid  than 
those  taken  at  either  forty  or  sixty  inches.  It  would  thus  ap- 
pear to  be  indicated  that  a  considerable  amount  of  nitric  acid 
has  been  arrested  in  the  soil  below  the  depth  of  twenty  inches. 
Further,  determinations  of  nitrogen  in  the  soils  do  show  some 
accumulation.  Indeed,  it  would  appear  probable,  that  the  whole 
of  the  nitrogen  applied  to  the  wheat  as  ammonia  salts  ox  mVe^X^ 
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of  soda,  was  either  recovered  in  the  increase  of  crop,  or  maj  be 
accounted  for  by  determinable  accumulation  within  the  soil,  or 
by  loss  by  drainage. 

In  ordinary  agriculture,  the  amounts  of  soluble  nitrogenous 
manures  applied  would  generally  be  much  less  than  in  some  of 
these  special  experiments;  and  the  losses  by  drainage  would 
from  that  cause  alone  be  proportionately  less  than  that  shown 
above.  Much,  obviously,  would  also  (Jepend  upon  the  charac- 
ter of  the  soil  and  of  the  subsoil.  Again,  in  an  ordinary  rota- 
tion of  crops,  more  of  the  supplied  nitrogen  would  probably  be 
gathered  up  before  it  reachea  the  lower  layers,  than  in  the  case 
of  a  cereal  crop  grown  year  after  year  on  the  same  land.  It 
may  be  safely  concluded,  however,  that  whenever  cereals  were 
grown,  a  material  proportion  of  the  nitrogen  specially  applied 
to,  or  existing  in  the  soil,  which  would  be  available  to  other 
crops,  would  not  be  so  to  them  ;  but  would  in  the  first  instance 
accumulate  in  the  surface  soil,  and  gradually  pass  into  the  lower 
layers  in  the  form  of  nitrates,  to  be  eventually  lost  by  drainage 
if  not  arrested  by  some  other  crop. 

The  question  obviously  arises,  whether  we  have  not  here  a 
source  of  some  at  least  of  the  nitrogen  available  to  leguminous 
or  to  other  plants  having  possession  by  their  roots  of  a  greater 
range  of  subsoil  than  the  Gramineae.  We  have  evidence  enough 
that  although  wheat  and  barley  send  roots  down  very  deep  into 
the  subsoil,  and  pump  up  moisture  from  the  deeper  layers,  they 
nevertheless  derive  mucn  of  their  nitrogen  within  the  surface 
soil.  If  the  Leojuminosae  do  not  so  readily  do  so,  or  at  any  rate 
naturally  depend  more  upon  the  nitrogen  in  the  lower  layers 
for  a  considerable  proportion  of  that  which  they  require,  aud 
moreover  are  able  to  avail  themselves  of  the  residue  from  the 
manuring  for  other  crops,  what  is  the  nature  of  the  problem 
that  we  may  have  to  solve  to  elucidate  this  point? 

By  way  of  illustration  it  may  be  mentioned  that,  supposing 
a  leguminous  crop  to  acquire  100  lbs.  of  nitrogen  per  acre  from 
a  layer  of  subsoil  three  feet  in  thickness,  weighing  approxi- 
mately 10,000,000  lbs.  (exclusive  of  stones  and  water),  this 
would  represent  only  OOl  per  cent  of  nitrogen  so  acquired  in 
such  subsoil ;  200  lbs.  of  nitrogen  per  acre  so  available  would 
represent  '002  percent,  and  so  on.  Now,  even  supposing  that 
the  nitrogen  existed  in  the  subsoil  in  such  a  condition  as  to  be 
converted  into  ammonia  in  the  process  of  combustion  with  soda- 
lime,  the  difference  between  one  subsoil  containing  this,  or  even 
a  larger  amount  of  nitrogen,  more  than  another,  could  not  with 
certainty  be  determined  by  that  process;  for,  in  taking  say  15 
or  20  grams  of  the  subsoil  for  combustion,  the  difference  be- 
tween two  or  more  determinations  could  not  be  expected  to  be 
less  than  some  units  in  the  third  decimal  place  (per  cent) ;  that 
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is,  in  fact,  equal  to  the  total  amount  that  maybe  in  question  as 
between  two  subsoils  to  be  compared.  Further,  if  this  avail- 
able nitrogen  exist  in  the  subsoil  as  nitrates,  it  ma}^  be  a  ques- 
tion whether  there  would  be  a  sufficient  amount  of  organic 
matter  present  to  insure  the  evolution  as  ammonia  of  the  nitro- 
gen of  the  nitric  acid. 

It  has  been  shown,  then,  that  there  are  many  questions  still 
open  for  investigation  in  regard  to  the  relations  of  the  surface 
soil  to  combined  nitrogen  ;  and  there  are  obviously  also  equally 
important  points  to  investigate  in  regard  to  the  nitrogen  of  the 
subsoil,  before  we  can  hope  to  arrive  at  a  satisfactory  solution 
of  some  of  the  problems  which  the  consideration  of  the  facts  of 
vegetable  production  which  have  been  adduced,  suggest  for 
enquiry.  Nor  are  the  problems  still  open  connected  with  the 
amount,  and  the  condition,  of  the  mineral  food  of  plants  within 
the  soil,  either  few,  or  without  special,  and  indcpetident  interest. 
And  although  those  relating  to  the  nitrogen  seem  to  call  for 
the  first  attention,  the  marked  eflFects,  so  far,  of  potash  manures, 
in  increasing  the  amount  of  nitrogen  assimilated  over  a  given 
area  by  the  Leguminosse,  seem  to  indicate  the  probability  that 
even  the  difficulties  connected  with  the  sources  of  the  nitrogen 
of  our  crops  may  not  be  solved  without  further  knowledge  as 
to  the  required  conditions,  or  the  actions,  of  the  incombustible 
or  mineral  constituents  in  soils. 

More  extended  investigation  required. — Our  results  in  regard 
to  the  variations  in  the  amount  of  nitrogen  in  the  soils  and  sub- 
soils of  our  different  experimental  plots,  obtained  by  the  soda- 
lime  process,  together  with  the  results  already  referred  to,  re- 
lating to  the  composition  of  the  drainage  water  from  plots 
variously  manured,  as  well  as  others  of  quite  a  diff'erent  kind, 
have  shown  the  absolute  necessity  for  an  extended  investigation 
of  the  soil  question  by  more  exact  methods ;  and  Mr.  Warington 
is  about  to  devote,  probably  some  year^,  to  this  enquiry  at 
Rothamsted.  It  is  proposed  that  the  questions  relating  to  the 
nitrogen  in  subsoils  should  be  the  nrst  considered,  sin6e,  if  the 
results  do  throw  light  upon  some  of  the  points  at  present  in 
doubt,  a  definite  step  in  advance  will  be  so  gained ;  and  should 
ihey  not  do  so,  the  ground  will  thus  be  cleared  of  certain  obvi- 
ous suppositions,  and  the  course  of  further  research  will  be  the 
more  clearly  indicated  But  if  the  amount  of  nitrogen  to  be 
discriminated  should  prove  to  be  represented  by  only  units  in 
the  third  decimal  place  per  cent,  say  '002  lor  example,  it  is  ob- 
vious that  to  get  as  little  as  four  milligrams  involved  in  the 
analysis.  200  grams  of  soil  would  have  to  be  operated  upon. 
The  difficulties  of  the  problem  are  thus  sufficiently  obvious. 
But,  by  the  aid  of  the  processes  of  water  and  gas  analysis  which 
have  l>een  explained  by  the  President  in  his  opening  address, 
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there  is  little  doubt  that  they  can  be  overcome,  at  any  rate  so 
far  as  t^e  nitrogen  existing  as  nitric  acid  is  concerned ;  and  by 
the  kindness  of  Dr.  Frankland,  Mr.  Warington  is  at  the  present 
time  gaining  experience  in  the  use  of  those  methods,  in  the  lab- 
oratory of  the  College  of  Chemistry,  before  entering  upon  this 
special  investigation  at  Bothamsted. 

But  even  supposing  we  arrive  at  a  satisfactory  eolation  of 
the,  at  present,  unsettled  points  in  regard  to  the  soarces  of  the 
nitrogen  yielded  in  agricultural  production,  when,  as  in  the 
experiments  to  which  attention  has  been  directed,  we  have  a 
soil  to  work  upon  which  already  contains  accumulations  of  com- 
bined nitrogen  amounting  to  several  thousands  of  pounds  per 
acre  within  the  range  of  the  roots  of  our  crops,  fiirther  questions 
in  regard  to  the  nitrogen  may  still  be  left  open,  namely, — to 
what  actions  a  large  proportion  of  the  existing  combined  nitro- 
gen may  be  attributed ;  and  what  in  particular  is  the  exact 
source  of  the  accumulations  of  it  in  our  soils  and  subsoils  ?  And 
here  it  may  be  observed,  in  passing,  that  determinations  made 
at  Rothamsted  have  shown  approximately  the  same  percentage 
of  nitrogen  in  the  Oxford-clay  obtained  in  the  recent  Sub- Weal- 
den  exploration  boring  at  a  depth  of  500  and  600  feet,  and  in 
the  subsoil  at  Rothamsted,  taken  a  depth  of  about  4  feet  only. 

It  is  not  within  the  scope  of  the  present  discourse  to  discuFS 
fully  what  is  known  of  the  actual  or  possible  sources  of  the 
already  existing  combined  nitrogen,  the  special  object  of  the 
enquiry  being,  as  intimated  at  the  commencement,  to  bring  to 
view  the  facts  relating  to  the  yield  of  nitrogen  in  agricultural 

Production,  which  the  extended  period  of  the  investigations  of 
[r.  Lawes  and  myself  have  enabled  us  to  establish,  and  to  point 
out  the  relation  of  this  to  the  various  known  or  supposed  sources 
of  present  periodic  supplies,  so  as  to  indicate  what  points  seem 
the  most  urgently  to  demand  further  investigation.  In  the 
papers  already  referred  to,  we  have  more  fully  considered  what 
was  known  of  the  various  actual  or  possible  sources  of  the 
combined  nitrogen  which  we  know  to  exist,  and  to  circulate, 
in  land  and  water,  in  animal  and  vegetable  life,  and  in  the  at- 
mosphere, and  we  have  pointed  out  how  little  was  established 
of  either  the  actual  or  the  relative  importance,  in  a  quantitative 
sense,  of  the  various  actions  by  which  it  is  admitted  that  free 
nitrogen  may  in  nature  be  brought  into  combination.  I  may, 
however,  observe  that  M.  Boussingault  and  M.  Schlosing  have 
quite  recently  made  interesting  contributions  to  the  discussion 
of  this  subject  (Compt.  Rend.,  t.  Ixxvi,  Ixxx,  Ixxxi,  and 
Ixxxii). 

But  whatever  may  be  the  origin  of  the  existing  combined  ni- 
trogen, or  whether  or  not  the  agencies  of  its  formation  are  more 
or  less  active  now  than  during  the  earlier  history  of  the  earth 
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and  its  atmosphere,  the  question  arises  whether,  assuming  the 
origin  to  be  independent  of  the  direct  action  of  vegetation,  the 
large  accumulations  within  our  soils  and  subsoils,  admits  of  any 
reasonable  explanation?  On  this  point  it  may  be  remarked, 
that  ages  of  forest  growth,  or  of  the  growth  of  natural  herbage 
only  grazed  by  animals,  would  doubtless  leave  the  soil  richer 
year  by  year;  as  the  amount  annually  lost  to  it  would  probably 
be  less  than  even  the  small  amount  known  to  be  annually  de- 
posited from  the  atmosphere,  in  temperate  regions,  at  the  present 
time;  and  the  accumulation  would  probably  be  greater  still, 
were  the  amounts  of  combined  nitrogen  in  the  atmosphere,  and 
brought  down  from  it,  greater  than  with  us  at  the  present  time. 
Then,  again,  the  influence  on  aqueous  deposits  of  ages  of  sub- 
marine vegetation,  and  of  the  subsistence  of  animal  life  upon  it, 
has  to  be  considered.  But  a  soil  once  broken  up,  and  under 
arable  culture,  it  is  diflScult  to  conceive  of  any  system  of  agri- 
culture by  which  so  little  nitrogen  as  that  hitherto  quantita- 
tively determined  to  be  annually  deposited  from  the  atmosphere 
would  be  annually  exported  from  the  land. 

Conclusion, — And  now,  to  summarize  in  a  few  words  the  re- 
sults of  the  whole  discussion,  I  think  the  balance  of  the  evi- 
dence points  to  the  conclusion,  that  the  answer  to  the  question — 
what  are  the  sources  of  the  nitrogen  of  vegetation  in  general,  and 
of  agricultural  productions  in  particular,  is  more  likely  to  be 
found  in  the  relations  of  the  atmosphere,  and  of  the  plant,  to 
the  soil,  than  in  those  of  the  atmosphere  to  the  plant  itself. 

One  word  more  in  conclusion.  I  have,  as  explained  at  the 
outset,  confined  attention  almost  exclusively  to  one  aspect  of 
the  great  subject  of  vegetation ;  but  it  will  not  be  supposed  that 
I  have  done  so  from  any  want  of  appreciation  of  the  interest 
and  importance  of  other  lines  of  inquiry  ;  and  allow  me,  before 
closing  to  allude  to  a  point  which  can  hardly  fail  to  suggest  it- 
self on  an  inspection  of  the  numerous  organic  compounds,  made 
by  transformation  in  the  laboratory,  which  are  collected  in  the 
Chemical  Section  of  this  Exhibition.  Without  in  the  least  de- 
gree disparaging  such  work,  I  would  ask  whether  some  of  those 
who  have  become  mastera  of  such  transformations,  might  not 
with  advantage,  armed  with  the  experience  thus  gained,  now 
devote  themselves  to  the  study  of  the  transformations  going  on 
within  the  plant  and  the  animal?  In  other  words,  whether  it 
would  not  be  desirable,  that  some  of  the  thought  and  labor  now 
expended  on  transformations  in  the  chemical  laboratory  should 
be  transferred  to  the  laboratory  of  nature? 
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L  Apparatus  for  quantitative  Fat-extractton. 

The  apparatus  consists  of  a  glass  tube  A,  of  f  to  -J  in,  bore 
and  6  to  7  in.  long,  narrowed  at  bottom  to  a  bore  of  \  in.,  and 
there  fitted  by  a  cork  to  a  flask  C,  of  80  c.  c.  capacity,  and  con- 
nected above  by  a  cork  with  a  reversed  Lie- 
big's  condenser  D.  Within  A  a  similar  but 
smaller  tube  B  is  maintained  free  from  the 
sides  of  the  larger  tube,  either  by  three  knobs 
of  glass  fused  upon  it  where  it  begins  to  nar- 
row, by  a  support  of  platinum  foil  as  in  the 
figure,  or  by  suspension  with  help  of  a  wire 
looped  around  the  upper  part  of  B  and  a 
hook  depending  from  the  cork  above  it.  B 
is  closed  below  either  by  a  plug  of  cotton  or 
asbestus  or  else  by  a  disk  oi  filter  paper  sap- 
ported  by  one  of  muslin  tied  over  its  narrow 
and  slightly  flanged  end.  The  substance  to 
be  extracted  is  introduced  into  B,  50  c.  c.*of 
ether  or  other  solvent  are  placed  in  the  flask 
and  heat  is  applied  to  boil  the  liquid. V'lts 
vapor  passes  into  the  condenser,  and  there 
liquefies ;  the  liquid  drops  continuously  upon^ 
and  percolates  the  contents  of  B,  carrying 
into  C  any  dissolved  matters,  whence  it  rises 
again  as  vapor  to  be  again  condensed  and 
repeat  the  solvent  action. 

The  cooling  must  be  effectual  and  the  heat 
applied  to  the  flask  just  sufl&cient  to  main- 
tain a  regular  circulation  of  the  solvent.  B 
mav  be  weighed  with  its  contents,  after  clos- 
ing  the  end  by  means  of  corks  or  rubber 
caps.  To  dry  its  contents  it  may  be  connected  at  one  eud  by 
means  of  a  perforated  stopper  and  tube  to  an  apparatus  for 
supplying  pure  hydrogen,  at  the  other  by  a  rabber  tube  several 
inches  long  and  UaClj,  tube  to  an  aspirator,  and  may  be  heated 
by  immersion  in  an  inclined  position  in  a  bath  of  boiling  water, 
while  a  slow  stream  of  dry  gas  is  transmitted.  The  loss  in 
weight  of  B  and  its  dried  contents  may  in  some  cases  give  the 
amount  of  oil  extracted  more  speedily  and  accurately  than  direct 

*  The  substance  of  these  papers  was  read  at  the  Detroit  meetmg  of  the  Ameri- 
can  AaaodaUon  for  the  Advancemenl  ot  ^\eiioe/>iv  Km\^«>V\%*1^. 
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weighing  of  the  latter.  For  ordinary  quantitative  fat-estima- 
ions  A  and  B  may  be  made  from  stout  test  tubes. 

This  apparatus  is  not  only  easier  to  construct  and  to  handle 
han  those  which  have  a  separate  interior  or  exterior  tube  to 
jarry  up  the  ether-vapors,  but  has  the  additional  advantage 
bat  the  substance  to  op  extracted  is  kept  warm  by  being  con- 
jtantly  surrounded  with  hot  vapor. 

It  is  best  to  mount  the  apparatus  so  that  it  may  be  put  into  a 
lomewhat  inclined  position  if  needful,  as  then  by  revolving  the 
ipparatus  on  the  condenser  tube  D  the  stream  of  condensed 
jolvent  may  be  directed  in  succession  on  all  parts  of  the  con- 
tents of  B  and  any  channels  that  may  form  are  easily  broken  up. 

In  milk-analyses  I  have  followed  the  fat  extraction  by  similar 
treatment  with  80  per  cent  alcohol  for  the  separation  of  sugar. 

II.   Oil  the  Composition  "of  the  Sweet  Potato. 

The  Sweet  Potato  {Convobwlus  batatas  or  Batatas  edulis)  is  an 
esculent  of  great  value  to  the  United  States.  It  is  not  only  at 
home  in  all  the  Southern  States,  but  is  produced  in  large  quan- 
tities in  Central  New  Jersey,  and  Central  Illinois,  latitude  40°  ; 
and  has  been  successfully  raised  in  gardens  in  nearly  the  cold- 
est parts  of  New  York,  as  well  as  in  Maine  and  Southern 
Minnesota  (St.  Paul),  in  latitude  44°  to  45°.  It  is  probable 
that  under  northern  cultivation  varieties  may  originate  more 
adapted  to  cold  climates,  so  that  were  it  needful  its  profitable 
cultivation  might  be  extended  several  degrees  of^  latitude 
northward,  as  is  said  to  have  happened  in  Europe  with  regard 
to  maize,  for  which  it  is  asserted  that  46°  north  latitude  was 
formerly  the  limit,  whereas  now  it  is  cultivated  nearly  to  52°. 

The  Sweet  Potato  is  known  in  many  varieties  which  differ 
widely  in  quality.  Naturally,  the  kinds  which  are  propagated 
at  the  north  are  less  sweet  and  less  highly  flavored  than  those 
produced  in  a  warmer  climata  The  New  Jersey  and  Delaware 
sweet  potatoes  which  are  marketed  in  New  England,  though 
palatable  :€tbd  largely  consumed,  are  decidedly  inferior  to  the 
produce  of  Virginia.  I  am  informed  that  sweet  potatoes 
of  excellent  quality  are  raised  in  Southern  Illinois,  lat.  37°-38°, 
while  those  produced  in  Central  Illinois,  lat.  40°,  are  **  watery" 
and  comparatively  insipid. 

The  sweet  potato  in  highest  repute  at  the  north  is  the  Nanse- 
mond,  taking  its  name  from  the  southeastern  county  of  Vir- 

finia,  where  it  is  said  to  have  originated.  The  "  Nansemond 
mproved,"  raised  in  Hanover  Co.,  Va.,  is  the  finest  variety  of 
this  esculent  that  has  come  under  my  notice.  I  am  indeoted 
to  John  Ott,  Esq.,  of  Richmond,  Va.,  for  abundant  samples  of 
this  variety,  the  high  quality  of  which  has  induced  me  to 
undertake  its  analysis 
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The  composition  of  the  'sweet  potato  has  been  stadied  by 
Proust,  Einhof,  Payen,  Henry,  Fromberg,  and  Antisell. 

Their  analyses  were  mostly  made  by  methods  less  perfect 
than  those  we  now  possess,  and  they  differ  from  each  other  to 
a  degree  not  explained  by  the  variations  in  quality  of  the 
sweet  potato  itself,  and  some  of  them  are  evidently  incorrect 
Since  there  is  to  my  knowledge  no  printed  summary  of  these 
older  analyses  I  have  thought  it  worth  while  to  reproduce  them. 

As  chemists  are  too  well  aware,  no  unexceptionable  methods 
for  separating  or  estimating  some  of  the  organic  principles  of 
our  esculents  have  as  yet  been  discovered.  Since  the  tendency 
of  newer  researches  points  to  the  existence  in  plants  of  a 
series  of  isomeric  boaies  with  the  denser  and  maturer  forms  of 
cellulose  at  one  extremity  and  dextrin  at  the  other,  with  vari- 
ous celluloses,  starches,  amylodextrins  and  dextrins  interme- 
diate, which  defy  separation  and  have  long  resisted  identification, 
the  best  that  can  oe  done  in  proximate  analysis  is  to  follow 
some  method  conventionally  agreed  upon,  by  which  fairly  com- 
parable results  may  be  reached.  The  analysis  of  the  ''Nanse- 
mond  Improved"  was  made  essentially  according  to  the  plan 
adopted  by  the  German  Agricultural  Experiment  Stations,  and 
the  results  have  been  for  the  most  part  verified  by  repetition 
and  critical  examination  of  the  educts.  This  analysis  has  re- 
gard only  to  the  more  important  food-principles,  without  refe^ 
ence  to  traces  of  malic  acid,  etc.,  which  have  been  reported  in 
former  examinations. 

For  analysis,  about  600  grams  of  the  tubers  were  thinly  sliced 
(in  December,  1874),  air-dried  in  a  warm  room  and  then  pul- 
verized. In  5  grams  of  airdry  substance,  water  was  estimated 
by  three  methods. 

1.  By  drying  at  100°  C.  in  a  flask  exhausted  by  the  Bunsen- 
Sprengel  pump.  This  method,  which  leads  speedily  to  the  de- 
sired result  in  case  of  other  vegetable  matters,  e.  g.,  maize-meal, 
hay,  etc.,  required  several  days  for  bringing  sweet-potato  fiour 
to  a  constant  weight 

2.  By  drying  in  air-bath  at  125°  C.  This  process  speedily 
removes  the  water  but  occasioned  browning  of  the  substance. 

8.  By  drying  at  100°  in  a  stream  of  hydrogen,  a  method 
somewhat  tedious  but  less  so  than  1,  and  now  adopted  by  many 
of  the  German  Experiment  Stations. 

The  three  methods  gave  of  loss  on  air-dry  substance : 

1  7*19  per  cent. 

{  6-90 
^  ^  7-13 

7-64 

7-19 

Average     =      7*19 
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The  total  loss  of  water  experienced  by  the  fresh  substance  = 
78-39  per  cent 

FcU  was  extracted  from  the  dried-residue  of  the  water-estima- 
tioD,  by  treatment  with  carbon  disulphide  in  the  apparatus 
before  described.  The  process  required  twelve  hours  for  com- 
pletion. Two  trials  yielded  0*26  and  O'Sl  of  a  soft  yellow 
substance,  appearing  at  first  like  a  pure  fat,  but  which  to  the 
feel  and  taste  had  more  of  the  properties  of  wax  than  of  the 
ordinary  fats.  It  probably  resides  chiefly  in  the  laticiferous 
tissue,  whose  yellow  juice  is  evident  on  a  fresh  section  of  the 
sweet  potato. 

An  aqueous  extract  of  the  sweet  potato  was  obtained  by 
digesting  four  grms.  of  finely-pulverized  air  dry  substance 
with  nearly  half  a  liter  of  cold  water  for  five  hours  and  filter- 
ing. The  residue  was  treated  with  a  similar  quantity  of  cold 
water  for  twelve  hours  more.  Aliquot  portions  o^  the  two 
extracts  were  separately  evaporated  m  capsules  and  dried  at 
212®  F.  The  first  extraction  was  practically  complete,  as  the. 
second  digestion  took  up  but  8*5  mgr.,  or  a  little  more  than  y^ 
per  cent  oi  soluble  matters.  The  total  amount  of  solid  aqueous 
extract,  after  deducting  ash,  was  7*94  per  cent. 

The  aqueous  extract  was  brown  in  color  and  perfectly  clear. 
Boiled,  it  gave  a  very  slight  precipitate,  acids  made  it  turbid, 
and  Millon's  test  gave  a  ^lint  red  tint  to  the  liquid  on  heating. 
Iodine  gave  no  coloration.  Basic  lead  acetate  gave  a  copious 
precipitate,  separating  in  flocks  on  boiling,  and  in  the  filtrate 
Fehling's  solution  gave  reddish-yellow  precipitate  on  boiling. 
These  reactions  indicate  presence  of  a  trace  of  albuminoids,  of 
gum*  and  of  a  glucose.  They  exclude  starch,  amylodextrin 
and  dextrin.f 

To  effect  proximate  separation  of  gum  and  sugar,  a  portion 
of  aqueous  extract  was  evaporated  to  dryness,  taken  up  in  a 
very  little  water  and  treated  with  80  per  cent  alcohol.  Sugar 
was  recovered  by  evaporation  of  the  alcohol  solution.  As  is 
known,  this  separation  is  a  rough  one.  The  sugar  obtained 
gave  on  boiling  with  Fehling's  solution,  at  once,  a  copious 
flocky-red  precipitate.  Set  aside  in  concentrated  solution  it 
showed  no  signs  of  crystallization.  It  therefore  largely  con- 
sisted of  a  glucose,  its  amount  was  6*86  per  cent  The 
substance  remaining  insoluble  after  a  second  treatment  with 
alcohol,  which  was  mostly  gum^  was  1*08  per  cent  of  the  fresh 
tuber. 

OeUulose  was  determined  by  alternate  treatment  of  the  pow- 
dered substance  with  dilute  (2  per  cent)  sulphuric  acid  and  caustic 

*  The  term  gnm  is  used  in  a  generic  sense.  The  substance  obtained  appeared 
to  hare  more  nearly  the  characters  of  arabin  than  of  pectin  or  other  gummy  body, 
being  highly  soluble  in  water. 

t  See  Nageli,  Beitrage  zOr  naheren  Kentnisse  der  Starkegruppo,  p.  VQ^. 
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soda  solution,  in  the  usual  manner.  Combustion,  with  tbe 
mixture  of  equal  bulks  of  sodium  carbonate  and  slacked  lime, 
gave  0'187  and  0*207  per  cent  of  nitrogen,  which  multiplied 
by  6"25  leads  to  the  content  of  albuminoids.  Starch  was  esti- 
mated by  difference.     The  summing  up  is  as  follows: 

Water 78-39 

Starch,  by  difference IS-Od 

Gum 108 

Sugar  (levulose  ?) 6*86 

Cellulose 0-98 

Albuminoids 1*28 

Fat  and  wax -28 

Ash 1-07 

100-00 

Table  I  includes  all  the  analyses  of  the  sweet  potato  that 
I  have  been  able  to  find. 

In  the  older  analyses,  1  to  6,  the  figures  for  starch  and  cellu- 
lose are  of  no  value  because  they  were  the  results  of  an 
attempted  mechanical  separation.  In  fact  these  analyses  are 
worthless  for  any  purpose,  except  as  regards  the  water  and 
sugar  estimations.  Fromberg's  figures  for  water  are  too  excep- 
tional to  have  any  claim  to  accuracy. 

As  already  mentioned,  the  figures  in  analyses  6  and  7  are  so 
coincident  in  regard  to  several  ingredients,  and  so  plainly 
wrong  in  6,  as  respects  ash,  that  they  must  both  be  considers 
untrustworthy.  Whether  the  low  amounts  of  water  in  8,  and 
of  sugar  in  9,  and  the  high  percentages  of  sugar  in  8  and  of 
starch  in  9,  are  analytical  errors  or  characterize  the  sweet 
potato  in  its  difl'erent  varieties,  remains  to  be  established  by 
luture  comparative  investigations. 

In  the  common  potato  {tSolanum  iuheroswn)  a  range  of  water 
content  from  68  8  to  82'1  per  cent,  and  of  starch-content  from 
15  to  26  per  cent  has  been  observed. 

In  nutritive  values  the  Hanover  sweet  potato  and  the  com- 
mon potato  on  the  average  differ  but  little.  Their  comparative 
composition  is  as  follows : 

Sweet  potato.  Potato. 

Water 78-4  74*6 

Albuminoids 1  '3  2-2 

Fat  and  wax 0-3  0-2 

Carbohydrates 23*0  21-2 

Fiber 10  0*7 

Ash TO  la 

100-0  100-0 

The  average  composition  of  the  common  potato  is  that  given  by 
Dietrich  and  Konig  in  their  Zusammense^ung  und  Verdaurlichkeii 
der  Futtersioffe. 
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The  sweet  potato  is  possibly  more  easily  digestible  than  the 
comraon  potato,  because  of  contaiDing  nearly  7  per  cent  of  sol- 
uble sugar  in  place  of  a  similar  amount  of  starch.  Its  sweet 
taste  is  mentioned  by  European  writers  as  a  reason  why  it  does 
not  enter  more  largely  into  the  produce  of  southern  France, 
and  probably  for  most  inhabitants  of  temperate  regions  it  does 
not  relish  so  well  in  constant  use  as  does  the  common  potato, 
which,  like  bread,  appears  daily  and  twice  daily  on  the  tables 
of  the  Middle  and  New  England  States,  as  well  as  on  those  of 
England,  Germany  and  France.  The  sweet  potato  is,  however, 
in  its  best  varieties  a  most  inviting  esculent,  and  i>erhaps  **wears" 
better  than  any  other  vegetable  save  the  common  potata  Its 
juices  are  so  rich  in  sugar  that  the  tuber  keeps  poorly,  for 
wherever  the  cuticle  is  broken,  the  common  omnipresent  fungi 
take  root,  under  favorable  conditions  of  temperature  and 
moisture,  and  rapidly  penetrate  the  tissues,  producing  dis- 
coloration and  dry  or  wet  rot  French  authorities  report  that 
the  potato-fungus,  Peronospora  in/esians,  attacks  the  sweet 
potato  as  vigorously  as  the  common. 

IIL  On  the  Composition  of  Maize  Fodder. 

The  use  of  maize  as  a  fodder  plant  is  very  extensively  prac- 
ticed in  this  country  as  well  as  in  South  Germany  and  Austria. 
In  the  latter  countries  maize  fodder  appears  to  be  uniformly 
regarded  as  a  valuable  resource  to  the  farmer.  In  the  United 
States,  however,  some  excellent  farmers  have  denounced  it  for 
various  reasons ;  some  because  of  the  difficulty  of  securing  the 
crop,  and  others  because  of  its  supposed  innutritions  quality. 
In  fact,  chemical  analysis  has  been  employed  to  show  that 
maize  is  a  comparatively  worthless  fodder  crop. 

These  considerations  induced  me  to  undertake  its  investiga- 
tion, and  I  have  been  fortunate  in  finding  highly  suitable 
material  on  the  farm  of  J.  J.  Webb,  Esq.,  near  New  Haven, 
Conn.,  as  well  as  the  most  hearty  assistance  in  preparing  the 
fodder  for  analysis  at  the  hands  of  that  gentleman.  Two  sam- 
ples, raised  from  separate  plantings  and  on  separate  fields,  were 
placed  at  my  disposal.  The  variety  of  maize  was  the  Southern 
or  Norfojk  White ;  the  seed  was  obtained  from  Long  Island. 
No.  1  was  raised  on  long  tilled  ground  and  inverted  sod,  with 
help  of  stable  manure.  No.  2  was  taken  from  new  ground, 
which  had  borne  two  rye  crops,  was  seeded,  had  been  in  pasture 
for  five  years,  was  then  plowed  and  had  carried  two  successive 
crops  of  corn  fodder,  of  which  it  was  of  course  the  last.  To 
the  soil  that  yielded  No.  2  no  stable  manure  had  ever  been 
applied.  No.  2  was  sown  10  to  15  days  earlier  than  No.  1, 
and  was  more  mature  at  the  time  of  cutting  the  samples,  Sept 
1st,  1874. 


<S  W.  Johnson — Q)mposition  of  Afaize  Fodder.  208 

In  planting,  three  bushels  of  seed  were  sown  per  acre,  in 

drills  24  inches  apart     When   harvested  the  stalks  had  an 

average  height  of  10-12  feet     Many  stalks  measured  14  feet 

in  length.     Their  diameter  waa  very  uniform,  rarely  more  than 

f  ^  inch  at  the  base. 

The  com  thus  planted  and  growing  under  clean  tillage  was 
so  mature  and  uniform  that  it  admitted  of  easy  and  perfect 
curing,  and  yet  at  the  same  time  was  so  tender  and  palatable 
that  little  or  no  loss  occurred  in  feeding.  When  harvested  the 
corn-fodder  contained  a  good  many  imperfectly  developed  ears, 
some  of  them  with  nearly  ripe  kernels. 

The  com  on  cutting  was  set  up  in  the  field  in  large  carefully 
made  stooks,  where  it  remained  until  Nov.  11,  when  it  was 
removed  to  the  bam  in  good  order.  The  samples  were  ob» 
tained  by  cutting  oflF  in  each  case  an  area  of  10  feet  square, 
including  5  rows  and  a  length  of  10  feet  on  each  row. 

The  stand  of  the  crop  was  so  uniform,  both  horizontally  and 
vertically,  as  to  ensure  a  ver^  accurate  result  in  sampling. 

Each  sample  was  made  mto  bundles  which  were  at  once 
weighed,  labeled  and  set  up  in  the  field  as  parts  of  a  stook. 
When  the  crop  was  housed  the  samples  were  again  weighed. 
They  remainea  in  the  bam  until  February,  1875,  when  the  use 
of  com-fodder  began  for  the  winter.  They  were  again  weighed 
on  February  8th,  and  immediately  were  run  separately  through 
a  straw-cutting  machine,  which  reduced  them  to  half  an  inch 
lengths,  and  in  that  state  were  brought  to  the  laboratory. 

Each  sample  was  then  carefully  intermixed  and  weighed  por- 
tions were  taken  for  analysis,  'the  portions  were  reduced  to 
tolerable  fineness  by  passing  repeatedly  through  a  sausage-cutter 
and  by  the  use  of  shears,  and  for  the  nitrogen  estimations  were 
further  pulverized  by  triturating  with  purified  quartz  sand. 
The  proximate  analysis  for  water  and  cellulose  was  conducted* 
as  mentioned  in  the  previous  paper.  "Ether  extract"  was 
obtained  by  the  extraction  apparatus  already  described.  Ash 
was  determined  by  incineration  at  a  dull  red  heat  in  a  platinum 
dish. 

The  results  of  the  analyses,  calculated  upon  the  material  in 
the  difierent  stages  of  dryness  in  which  it  was  weighed,  are  the 
following : 

Fresh  cat.  FleId>cQred.  In  Barn.  Dried. 

Sept.!.  1874.        Not.  11, 1874.         Feb.  10, 1875.         Water-free. 

121             2  1212 

Water 8718  8504  2759  2692  63-76  64-95 

Ash 0-84  0-74  476       362  304  224  6*57  4-95 

Albnminoidfl 0-88  0*78  497       379  318  234  687  519 

1^  etc,  (ether  extract)    0*28  0*22  1*56      107  0*99  066  214  1*46 

CeUuloee  (crude) 4*38  616  24*76  2618  15*81  15*52  34*19  34*45 

Carbohydrates,  etc,  by 

difEerenoe 6*44  806  36*37  39*42  23*22  24.29  50*23  53*95 

100*00  100-00  10000  10000  100*00  10000  100*00  10000 
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The  further  examination  consisted  in  extracting  the  pulver- 
ized fodder  with  water,  evaporating  the  solution,  to  determine 
total  quantity  of  soluble  matters,  redissolving  in  a  little  water 
and  treating  with  80  per  cent  alcohol  to  throw  down  gum. 

This  treatment  was  carried  out  both  with  cold  and  hot  water. 
The  results  were  as  follows,  calculated  on  dry  substance : 

1  2 

_     Water._  Wattr. 

Cold.  Hot.  Cold.  Hoc 

Total  extract 149  22-27  201  26*54 

ABh -47  6-21  -31  4*41 

Soluble  in  alcohol,  starch,  sugar,  fat,  etc., '80  10-87  1*48  21*61 

Insoluble  in  alcohol,  gum *22  6*16  -22  -62 

The  water  extract  gave  a  reaction  with  Fehlinc's  solution, 
showing  the  presence  of  a  little  sugar.  The  alcohol  precipitate 
when  redissolved  in  water  gave  no  reaction  with  Fehling's 
solution  but  contained  a  trace  of  albuminoid. 

Starch  is  carried  into  solution  by. boiling  with  water,  and 
soluble  gum  is  more  completely  extracted  by  the  hot  macera- 
tion of  the  imperfectly  pulverized  material. 

These  laborious  trials  were  not  duplicated,  and  it  is  not  fully 
established  whether  the  absence  of  gum  in  2  is  the  result  of  a 
possible  error  in  analysis  or  the  consequence  of  maturer  devel- 
opment of  stalks.  The  larger  quantity  of  hot  water  extract  in 
2  is  not  improbabl}'^  due  to  the  presence  of  seed  kernels  with 
abundant  starch. 

The  results  agree  fairly  with  the  average  of  a  number  of 
analyses  made  of  late  years  in  Germany  and  Austria,  which, 
however,  doubtless  refer  usually  to  a  much  smaller  plant  and 
crop. 

The  subjoined  statement  gives:  A,  the  average  of  my  two 
analyses ;  B,  the  average  of  the  German  analyses  as  given  by 
Wolff,  Fiitterungslehre,  1874;  C,  the  average  given  by  Dietrich 
and  Konig,  1874.     All  refer  to  the  fresh  fcdder. 

A.  B,  c. 

Water 861  82-2  86-0 

Aah 0-8  1-1  1-0 

Albuminoid 0-8  1*2  18 

Ether  extract  (fat  and  wax) 0*3  0*5  0*6 

Cellulose 4-8  4*7  4*4 

Carbohydrates,  etc. 7-2  lO-H  7*2 

100-00  100-00  100*00 

Total  Yield, — The  following  figures  give  the  gross  produce  of 
the  two  crops  upon  an  area  of  100  square  feet  as  ascertained 
by  Mr.  Webb's  weighings,  and  also  the  produce,  per  acre, 
(found  by  multiplying  these  weighings  by  *f  jg<^)  as  well  as  the 
quantities  of  water  and  dry  matter  in  the  fodder  at  the  several 
times  of  weighing. 
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Crop  1.  Crop  2. 


■Am 


100  sq.ft.  lAcre.  100  sq.ft.  1  Acre. 

lbs.  oi.  11m.     tona.       lbs.   ox.  lbs.  tom. 

Fresh  cut,  Sept  1 124-4  64,123  27  117-4  61,074  26  6-10 

Ck>nUliil]|g  water 10»-6«  47,184  281-2  W-U*  48^18  21   7-10 

field-cured,  Nov.  11 22  9,583  4  8-10  24  10,464  6  2-10 

Water 6-l«  2,t44  88-10  6-7«  2,798  14-10 

In  bam,  Feb.  8 34-7  16,028  71-2  38-15  16,988  8  6-10 

Water 18-«»  8,080  4  21-««  93i7  4  7-10 

Dry 16-16t  6,939  31-2  17-9^  7,661  3  8-10 

Werner,  Handbuch  des  Fatterbaues,  p.  602,  gives  the  >'ield 
of  ancured  maize  fodder  in  Germany  and  Austria  in  four  in- 
stances, as  follows :  50,000,  72,000,  72,000  and  52,800,  or  an 
average  of  60,000  kilos,  per  hectare.  This  average  equals 
58,440  lbs.  per  acre.  One  of  the  crops  of  72,000  kilos,  equal 
to  64,129  lbs.  per  acre,  made  14,000  kilos,  of  cured  fodder, 
"  maize  hay,"  equal  to  12,470  Iba  per  acre.  The  loss  of  water 
in  curing  was  80^  per  cent  of  the  fresh  cut  maize.  This  indi- 
cates that  the  crop  was  thickly  sown,  probably  on  very  rich 
ground,  and  was  cut  in  a  quite  immature  and  watery  state. 

It  is  noticeable  that  the  less  mature  crop  1,  weighed  fresh  IJ 
tons  more  than  2,  but  when  field-cured  2  was  870  lbs.  heavier 
than  1.  Crop  2,  field-cured,  contained  1^  per  cent  more  water 
and  also  8  per  cent  more  carbohydrates,  etc.,  than  1.  The  autumn 
weather  during  which  the  fodder  stood  in  the  field  was  excep- 
tionally fine  and  dry.  After  storing,  the  weather  of  the  winter 
was  very  rainy  and  damp,  and  for  that  reason  the  loosely  packed 
fodder  gathered  moisture,  so  that  the  average  5  tons  of  .fodder 
as  it  was  stored  Nov.  11,  became  8  tons  as  it  lay  in  the  barn 
Feb.  8,  after  exposure  for  three  months  to  the  damp  winter  air. 
This  gain  of  water  was  greatest  with  2,  amounting  to  more 
than  8i  tons  for  the  produce  of  an  acre,  and  being  one- half  as 
much  water  as  the  green  fodder  lost  in  field-curing,  and  as 
much  as  the  field-cured  fodder  contained  at  the  time  of  storing. 
Such  variability  in  the  water  content  of  a  harvested  crop  ap- 
pears to  be  unexampled. 

The  objection  urged  against  corn  fodder  that  it  is  innutri- 
tions does  not  apply  in  respect  to  the  total  yield  of  dry  matter, 
for  to  obtain  SfVj  (average  of  3^  and  S^'y)  tons  per  acre  of  dry 
matter  from  other  forage,  would  require  a  crop  of  4  tons  of 
meadow  hay,  and  4J  tons  of  clover  hay,  admitting  these  to  con- 
tain 8  and  12  per  cent  of  water  respectively. 

As  respects  nutritious  quality^  the  com  fodder  is  very  differ- 
ent from  meadow  or  clover  hay.  To  make  the  nature  of  the 
difference  evident,  I  subjoin  the  average  analyses  of  the  dry 
matter  of  German  hay  and  maize  fodder,§  ana  an  average  of 
the  two  analyses  of  Mr.  Webb's  corn  fodder. 

♦  Nearlj.  f  More  exactly  \b-^ihs  lbs.  1  More  exactly  \1-Mn* 

§  Fh>m  Dietrich  k  Konig's  ZuBammensetzung  und  Verdauliclikeit  deT  ¥\i\\fit^\A^<^. 
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GeraiMi.  Mr.  Wetb%. 


^^ 


Meadow       Bed        Melse       Maise 
hey.        dorer.     fodder,    fodder. 

Ash VI  7^  6-7  6-8 

Albuminoida— Bo-cfdled  desh-f onnera 1 1  -8  16*6  12-4  6-0 

FW 2*7  2*7  3-7  1*6 

Cellulose—woody  fiber 29*9  30*1  293  34*3 

Carbohydrates,  starch,  gum,  sagar,  etc. 47*9  43*2  47*9  62*1 

It  is  seen  from  the  above  figures  that  the  German  meadow 
hay  and  the  German  corn  fodder  are  almost  identical  in  com- 
position. Clover  hay  differs  from  them  in  containing  some 
four  per  cent  more  of  albuminoid  and  four  per  cent  less  of 
carbohydrates.  Mr.  Webb's  maize  fodder  contains  but  one-half 
as  much  albuminoids  and  fat  as  the  German,  while  its  cellulose 
and  carbohydrates  are  each  four  to  five  per  cei)t  more.  This 
difference  between  the  two  statements  of  maize  fodder  depends 
simply  on  the  fact  that  most  of  the  German  analyses  were 
made  on  less  mature  maize.  Some  of  the  German  analyses 
give  but  0*9  per  cent  of  albuminoids  in  fresh  fodder,  the  same 
result  as  in  Mr.  Webb's  1  (0-88). 

How  greatly  age  influences  the  content  of  albuminoids  in 
forage  plants  is  shown  by  the  fact  that  meadow  grass  quite 
young  as  it  is  found  in  pasturage  contains  in  its  dry  matter 
24  per  cent  of  albuminoids,  cut  just  before  bloom  12  per  cent, 
and  at  end  of  blossoming  but  8  per  cent  In  case  of  both 
maize  fodder  and  meadow  grass  the  inferior  quality  of  the 
older  vegetation  is  compensated  by  their  superior  Quantity. 

Such  maize  fodder  as  Mr.  Welib  produces  is  valuable  when 
properly  employed  Used  as  a  substitute  for  meadow  hay  it 
would  DC  pronounced,  and  deservedly  so,  poor  cattle  food,  but 
as  an  ingredient  of  a  properly  compounded  ration  it  has  a  high 
value.  In  New  England,  hay  commands  a  high  price  in  the 
cities  and  large  towns,  and  is  therefore  adapted  to  sell  off  rather 
than  to  consume  on  the  New  England  farm.  The  farmer  can 
raise  or  buy  Indian  corn,  cotton-seed  meal,  and  other  concen- 
trated foods,  and  combine  them  with  coarse  fodder  to  make  a 
cattle  food  equal  or  superior  to  the  best  of  hay,  at  less  cost 
than  is  involved  in  feeding  the  latter.  To  throw  cured  maize 
fodder  out  in  the  cattle  yard  or  to  feed  it  in  the  stall  as  hay  is 
fed,  is  likely  to  be  highly  wasteful.  To  attempt  to  sustain 
cattle  on  it  alone  or  to  employ  it  as  an  adjunct  to  hay  is  also  a 
mistake.  To  use  it  profitably  it  must  be  finely  cut  and  well 
mixed  or  alternated  with  maize  or  cotton-seed  meal,  bran,  or  some 
similar  material  which  serves  at  once  to  ensure  its  large  consum}>- 
tion  and  the  full  economy  of  its  nutritive  qualities.  Maize-meal 
and  similar  articles  contain  too  much  albuminoids,  fat  and 
starch,  for  healthy  and  economical  cattle  food.  Maize  fodder 
contains  too  little  of  these  and  too  much  coarse  fiber.     The 
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mixing  of  the  two  in  proper  proportions  enhances  their  separate 
valae  and  makes  a  more  perfect  nutriment,  and  under  New 
England  circumstances  doubtless  an  economical  cattle  food. 

The  digestibility  of  cellulose  in  the  alimentary  apparatus  of 
herbivorous  animals  has  not  only  been  amply  esta'blished  by 
numerous  feeding  trials  in  the  agricultural  experiment  stations 
of  Germany  and  Austria,  but  the  relative  digestibility  of  the 
cellulose  and  other  food-elements  of  various  kinds  of  cattle 
food  has  been  the  subject  of  repeated  experiments.  The 
method  of  these  investigations  consists  in  determining  by 
chemical  analysis  the  amount  of  cellulose,  etc.,  contained  in 
the  ingested  food  and  the  amount  that  passes  off  in  the  solid 
excreta.  The  difference  is  the  quantity  digested.  It  has 
been  found  as  the  average  of  some  45  experiments  on  oxen, 
cows,  goats  and  sheep,  that  62  per  cent  of  the  cellulose  of 
meadow  bay  is  dissolved  in  the  digestion  of  these  animals  and 
serves  as  food,  while  as  the  average  of  18  trials  but  46^  per 
cent  of  the  cellulose  of  red-clover  hay  is  digested.  In  a 
single  trial  Moser  found  that  72  per  cent  of  the  cellulose  of 
maize  fodder  wad  digested  by  sheep.  One  result  is  not  con- 
clusive as  to  the  comparative  digestibility  of  maize  fodder, 
because  this  quality  is  influence  by  the  maturing  of  the 
plant,  and  by  the  individuality  of  the  animal,  as  well  as  by 
the  proportion  of  food-elements  in  the  ration ;  but  it  indicates  a 
hign  nutritive  power. 

MOser*s  results  in  regard  to  the  other  ingredients  of  maize 
fodder  show  that  the  sample  he  worked  with  was  in  all  respects 
more  digestible  than  the  average  meadow  or  clover  hay,  except 
these  are  cut  before  blossom,  and  was,  roundly  speaking,  twice 
as  digestible  as  the  straw  of  the  cereal  grains. 

I  am  indebted  to  my  friend  and  late  assistant,  E.  H.  Jenkins, 
M.  A.,  for  carrying  out  the  detkils  of  the  foregoing  analyses. 


XXTTT. — On  the  Meteoric  Stone  of  Rochester ,  Fulton  County,  In- 
diana; bv  Charles  Upham  Shrpard,  Massachusetts  Pro- 
fessor of  Natural  History  in  Amhei-st  College. 

A  FALL  of  a  meteoric  stone  took  place  at  about  8:45 
Thursday  evening  of  the  21st  of  December,  1876.  The  cir- 
cumstances connected  therewith  are  drawn  from  several  com- 
munications.* The  first  is  from  Professor  Daniel  Kirkwood,  of 
Bloomington,  Indiana,  Professor  of  Mathematics  in  the  Indiana 
State  University,  as  published  in  the  Indianapolis  Journal. 
Professor  Kirkwood's  account  says:  "Last  evening,  Dec.  21, 

*  See  also  thia  volume,  p.  166. 
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about  8:45  o'clock,  our  citizens  witnessed  a  meteoric  display  of 
extraordinary  brilliancy.  A  fire-ball,  described  by  many  ob- 
servers as  surpassing  the  moon  in  apparent  magnituae,  followed 
by  a  great  number  of  smaller  meteors,  was  seen  in  the  northern 
heavens,  moving  in  an  easterly  direction.  Its  first  appearance 
was  at  a  point  12°  or  15°  north  of  west,  and  about  10°  above 
the  horizon.  Its  greatest  altitude,  as  seen  from  Bloomington, 
was  about  18°  or  20°,  and  its  disappearance  occurred  at  a  point 
in  the  northeast,  some  5°  or  6°  above  the  horizon.  A  remark- 
able feature  of  the  meteoric  group  was  the  slowness  of  its 
apparent  motion.  The  time  of  flight  was  variously  estimated. 
Most  observers,  however,  think  it  could  not  have  been  less 
than  three  minutes.  Many  of  the  meteors  following  in  the 
train  of  the  principal  bolide  were  larger  than  Venus  or  Jupiter. 
No  attempt  was  made  to  count  them,  but  their  number  was 
certainly  nearly  one  hundred.  Some  minutes  after  the  disap- 
peara];ice  a  rumbling  noise  was  heard,  which  was  supposed  to 
result  from  the  meteor's  explosion." 

The  second  is  from  the  Columbus  (Ohio)  State  Journal 
"A  meteoric  display,  which,  for  singularity  and  beauty,  few 
persons  in  a  lifetime  have  the  good  fortune  to  behold^  was 
witnessed  bv  six  or  seven  persons,  myself  included,  on  the 
evening  of  the  21st  inst,  at  just  9  o'cIock.  Four  of  us  were  in 
the  caboose  car,  and  two  or  three  others  on  the  engine  of  the 
freight  train,  due  in  Columbus  at  9:20  P.  M.,  on  the  Cleveland, 
Mount  Vernon  and  Columbus  Railroad,  and  within  about  four 
miles  of  the  depot.  At  that  point  the  track  runs  nearly  north 
and  south.  The  cluster  or  flock  of  meteoi's,  from  forty  to  sixty 
in  number,  varying  in  apparent  size  from  a  water-bucket  down 
to  the  size  of  large  apples,  were  seemingly  huddled  together  like 
a  flock  of  wild  geese,  and  moved  with  about  the  same  velocity 
and  grace  of  regularity.  The  cblor  of  their  light  was  a  yellow- 
ish red,  resembling  the  light  firom  the  red  balls  of  fire  thrown 
out  by  the  explosion  of  some  kinds  of  sky-rocketa  There  was 
no  illumination,  nimbus,  or  trail  from  them.  The  display  was  a 
little  below  an  angle  of  45  degrees  from  our  point  of  observation, 
and  seemed  not  over  a  quarter  of  a  mile  distant  from  the  rear 
end  of  our  train.  The  course  was  from  west  to  east,  crossing 
the  railroad  at  nearly  right  angles.  The  party  on  our  engine, 
and  our  conductor,  who  was  looking  out  of  the  rear  window  of 
our  car,  made  the  discovery  at  about  the  same  moment,  in  a 
westerly  direction.  When  seen  by  the  rest  of  us,  the  meteors 
were  just  passing  over  the  track  and  very  slowly  approaching 
the  earth.  I  cannot  pretend  to  put  this  statement  in  scientific 
form,  having  witnessed  it  from  a  moving  train,  but  simply 
state  the  facts  as  they  appeared  to  myself  and  others  as  worthy 
of  note." 
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The  third  notice  attended  one  of  the  specimens  sent  me,  and 
consists  of  a  letter  addressed  to  Professor  Kirkwood,  from  Mr. 
A.  J.  Norris,  the  finder  of  this  stone. 

"  Enclosed  you  will  find  a  specimen  of  the  meteorite.  The 
circamstances  under  which  the  stone  was  found  are  these. 
Hearing  a  rumbling  noise,  I  stepped  out  of  the  house,  and 
heard  the  stone  fall.  I  marked  the  direction  of  the  sound,  and 
the  next  morning  repaired  to  the  field  whence  it  had  proceeded, 
where  I  discovered  it  lying  upon  the  snow.  I  saw  two  places 
where  it  had  previously  struck,  and  from  whence  it  had 
bounded  to  its  resting  place.  No  appearance  of  any  other 
stone  was  visible  in  the  region.  Its  weight  was  about  three- 
quarters  of  a  pound." 

The  following  is  from  a  letter  (dated  Bloomington,  Ind.,  Jan. 
19th)  from  Professor  Kirkwood  to  myself : 

"You  were  kind  enough  to  express  a  wish  that  I  would  fur- 
nish you  some  notes  in  regard  to  the  meteor.  I  have  written 
many  letters  of  inquiry,  to  some  of  which  I  have  received 
replies.  I  have  also  a  number  of  newspaper  accounts  of  the 
phenomenon.  I  regret  to  say,  however,  that  many  of  the 
statements  made  by  observers  are  so  inaccurate  and  contradic- 
tory as  to  be  of  little  value.  Being  busy  with  other  matters,  I 
Placed  nearly  all  of  them  in  the  hands  of  Professor  Wylie. 
'he  following  conclusions,  derived  from  the  observations  at 
Bloomington,  Indiana,  and  Wooster,  Wayne  County,  Ohio,  can 
be  relied  upon  as  nearly  correct : 

Rev.  Dr.  Wylie,  Professorof  Natural  Philosophy  in  the  Indiana 
State  University,  noticed  the  point  in  a  tree  apparently  passed 
by  the  meteor.  The  angle  of  elevation  was  subsequently 
measured,  and  found  to  be  about  15  degrees.  But  the  meteor 
passed  our  meridian  181  miles  north.  These  data,  making 
allowance  for  the  curvature  of  the  earth^s  surface,  give  about 
88  miles  as  the  height  of  the  body  when  passing  the  boundary 
'line  between  Pulaski  and  Fulton  Counties,  Indiana.  At 
Wooster,  Wayne  County,  Ohio,  the  meteor  apparently  passed 
a  particular  point  of  the  steeple  of  a  public  building.  From 
this  observation  the  apparent  altitude  when  over  Lake  Erie, 
immediately  north  of  tne  city,  was  found  by  Professor  Samuel 
J.  Kirkwood  to  have  been  about  2i  degrees,  corresponding  to 
a  true  height  of  28  or  29  miles. 

The  most  western  point  from  which  I  have  received  a  report 
is  Emporia,  Kansas.  It  passed  that  place  a  few  degrees  S.  E. 
of  the  zenith.  I  think  the  meteor  became  visible  over  the 
N.  W.  comer  of  Texas,  at  an  elevation  of  70  or  80  miles.  The 
estimates  of  time  for  the  meteor  are  so  discordant  that  it  seems 
impossible  to  determine  whether  it  was  moving  in  an  ellipse,  a 
parabola,  or  an  hyperbola.'' 
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Description  of  the  Rochester  Stone, 

It  belongs,  by  way  of  emiuence,  to  my  order  of  Oolitic,  of  the 
class  Litholites,  and  resembles  most  closely  the  Pegu  (India) 
stone  of  December  27,  1857,  particularly  in  the  character  of  its 
crust  and  in  its  pisiform  external  structure.  The  two  stones  are 
not  unlike  in  color  and  in  the  facility  with  which  they  may  be 
broken,  both  yielding  to  separation  when  in  small  masses, 
under  the  mere  strength  of  the  fingers.  The  thickness  of  the 
crust  in  each  is  double  that  in  the  majority  of  litholites.  The 
general  tint  of  color  is  also  the  same  in  both.  In  the  Rochester 
stone,  however,  the  shade  is  less  gray,  from  the  greater  preva- 
lence of  an  almost  pulverulent,  nearly  white  mineral,  in  which 
the  dark  ash-gray  globules  are  imbedded.  This  white  mineral 
forms  less  than  one-tenth  of  the  mass.  The  globules  vary  in 
size  from  a  millet-seed  up  to  that  of  a  pepper-corn.  Their 
shape  is  almost  perfectly  spherical,  and  plainly  indicates  an 
origin  from  fusion,  the  surfaces  of  many  of  them  being  obviously 
mammillary,  while  internally  they  present  a  porcelainous,  com- 
pact structure. 

The  globules  are  probably  forsterite,  of  a  variety  nearly 
identical  with  boltonite.  This  appears  the  more  likely  from 
the  circumstance  that  those  situated  just  below  the  crust  have 
the  yellowish  tint  acquired  by  boltonite  after  its  subjection  to 
heat  with  access  of  air;  and  it  is  presumable  that  this  alteration 
of  the  globules  in  the  meteorite  took  place  on  its  entrance  into 
our  atmosphere  when  the  fusion  of  the  surface  occurred. 

The  white  semi-pulverulent  basis  of  the  stone  I  take  to  be 
Chladnite  r]{rg*5i=»).  In  one  of  my  specimens,  it  shows  itself  at 
a  single  point  in  its  characteristic  loosely  crystalline  structure; 
and  there  closely  resembles  this  species  as  seen  in  the  Bishops- 
ville  (March  25,  1843)  meteorite. 

The  metallic  iron  (chamasite?),  as  in  the  Pegu  stone,  is  very 
obvious ;  and  rather  evenly  distributed,  though  probably  not 
exceeding  one  per  cent  in  quantity.  In  place  of  being  in 
shapeless  grains  or  points,  or  in  curved  wire-like  fibers,  it  is 
semi-crystalline  in  structure,  showing  occasional  rectangular 
and  triangular  facets.  Troilite  is  barely  visible  at  two  minute 
points  in  the  specimens  thus  far  examined.  Two  distinct 
grains  of  Chrysolite,  of  the  size  of  half  a  rice  grain,  are  present, 
showing  in  each  case  the  cleavage,  color  and  luster  of  this  species, 
as  existing  in  Krasnojarsk  meteoric  iron.  Moreover,  these 
grains  have  not  the  perfect  spherical  form  of  the  forsterite 
globules. 

The  specific  gravity  of  a  fragment,  whose  surface  was  one- 
third  crust,  is  8*65.  It  may  be  added  in  conclusion,  that  the 
inspection  of  this  rather  peculiar  stone  strongly  suggests  the 
idea  that  the  pisiform  globules  were  produced  by  the  sudden 
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fusion  of  what  was  originally  a  chladnitic  material  (similar  to 
the  Bishopsville  stone),  amid  particles  of  charaasite  attended 
by  access  of  oxygen,  whereby  the  silicate  of  magnesia  became 
converted  into  the  more  fusible  double  silicate  of  magnesia  and 
iron. 

New  HftTen,  Oxul,  Jan.  22,  1877. 


Art.  XXIV. — Examination  o/tfte  Waconda  Meteoric  Stone,  Bates 
County  Meteoric  Iron  and  kockingham  County  Meteoric  Iron  ; 
by  J.  Lawrence  Smith,  Louisville,  Ky. 

The  meteorites  under  consideration  have  been  known  for 
some  little  time,  Prol  C.  U.  Shepard  having  given  a  notice  of 
the  Waconda  meteoric  stone  in  this  Journal  of  June,  1876,  he 
having  acquired  the  larger  portion  of  it;  the  remainder  has 
been  kindly  presented  to  me  by  G.  W.  Chapman. 

The  existence  of  the  Bates  County  meteoric  iron  was  an- 
nounced by  Prof.  G.  C.  Broadhead  (this  Journal,  Nov.,  1875) 
to  whom  1  am  indebted  for  a  large  portion  of  the  original  mass. 

Wa>conda  Meteorite. 

One  feature  to  be  noticed  in  connection  with  this  meteoric 
stone  is  that  the  time  of  its  fall  is  not  known  ;  it  having  been 
discovered  in  a  ravine  near  the  village  of  Waconda  in  Kansas 
(lat  89°  20',  long.  OS"*  IC).  While  there  are  three  or  four  of 
these  softer  meteoric  stones,  consisting  almost  exclusively  of 
stony  matter,  the  exact  time  of  whose  fall  is  not  known,  there 
is  every  reason  to  suppose  that  their  .falls  were  observed,  and 
that  they  were  collected  at  the  time ;  but  falling  in  remote 
places,  and  in  the  lands  of  those  not  accustomed  to  note  pre- 
cisely the  dales  of  natural  phenomena,  the  exact  date  of  the 
fell  was  forgotten  when  it  reached  those  who  were  interested  in 
these  bodies. 

In  the  present  instance  nothing  was  known  to  lead  to  its  dis- 
covery, and  it  was  simply  gathered  up  by  an  inhabitant  of  a 
sparsely  settled  region  and  laid  aside  on  account  of  its  singular 
appearance,  and  was  only  recognized  as  a  meteorite  some  time 
afterward  by  one  who  had  some  knowledge  of  these  bodies. 
Although  but  recently  brought  to  notice,  it  was  discovered 
two  years  ago,  and  I  am  inclined  to  believe  that  its  discovery 
must  have  been  made  not  very  many  months  after  its  fall,  as 
otherwise  it  would  have  undergone  more  thorough  decomposi- 
tion ;  as  it  is,  the  interior  is  marked  with  large  blotches  of 
oxide  of  iron  arising  from  oxidation  of  the  particles  of  iron  by 
the  water  ^penetrating  from  without 
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This  exposure  has  doubtless  had  something  to  do  with  its 
friability  as  a  whole,  for  many  parts  of  it  are  quite  firm 
where  the  iron  is  not  oxidized,  and,  as  Prof.  Shepard  sajs,  it 
has  the  average  cohesion  of  this  class  of  meteoric  8tone&  As 
he  has  already  given  a  general  description  of  it,  I  will  not 
repeat  it  here,  but  proceed  at  once  to  give  my  chemical  and 
mineral  analyses. 

The  specific  gravity  of  pieces  from  the  interior  varied  from 
8*4  to  8*6,  and  when  separated  mechanically  consisted  of — 

Stony  matter 90*81 

Nickel  iron 6*84 

Troilite 8-86 

The  amount  of  the  last  mineral  was  made  out  by  chemical 
analysis.     The  nickel  iron  contains : 

Iron 86'18 

Nickel 12-02 

Cobalt -91 

Copper -04 

Phosphorus not  estimated. 

The  stony  part  treated  with  large  excess  of  aqua  r^a  gave: 

Soluble  part 69*00 

Insoluble  part 41*00 

Composed  of — 

Soluble.  Inaolable. 

Silica 34-52  64-02 

Protoxide  of  iron 80-01  18-10 

Magnesia 32*50  23*46 

Alumina 0-48  2-30 

Manganese -61  '36 

Soda  with  trace  of  potash  and  lithia       *89  1*68 

Lime trace 

The  analysis  clearly  shows  that  the  stony  part  of  this  meteor- 
ite consists  of  the  usual  mixture  of  olivine  and  pyroxene 
minerals ;  the  hyalosiderite  predominating  in  the  former,  and 
bronzite  in  the  latter. 

Two  minerals  were  detached  in  small  quantities  and  analyzed 
separately.  The  first  was  a  dark  colored  mineral,  readily  seen 
in  small  parcels  and  veins ;  this,  freed  as  far  as  possible  from 
the  adhering  minerals,  was  found  to  be  soluble  in  strong  hydro- 
chloric acid,  and  the  prolonged  action  of  this  acid  on  tne  min- 
eral, heated  over  the  water  bath,  decomposed  it  very  nearly 
completely ;  it  is  composed  as  follows: 

Silica 41*10 

Protoxide  of  iron 27*20 

Magnesia 28-31 

Alumina -80 

Manganese '32 

Soda 1*36 
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Its  solubility  in  chlorhydric  acid,  and  its  composition,  clearly 
point  it  out  to  be  of  the  olivine  type. 

The  other  mineral  was  found  onljr  on  one  part  of  ray  speci- 
mens and  there  in  the  form  of  a  white  crvstatline  mass  not  ex- 
ceeding in  weight  20  milligrams ;  it  looked  at  first  sight  like 
enstatite,  but  there  was  sufficient  difference  in  its  aspect  to  lead 
me  to  detach  a  few  milligrams  and  test  it ;  when  I  found  it 
readily  and  completely  soluble  in  hydrochloric  acid,  and  as  far 
as  it  was  possible  to  decide  on  so  minute  a  quantity  it  appeared 
to  consist  only  of  silica  and  magnesia. 

Its  solubility  shows  clearly  that  it  is  not  enstatite,  and  I  can 
only  imagine  it  to  be  of  the  olivine  type  and  consisting  entirely 
of  silica  and  magnesia,  occupying  the  same  place  among  the 
anisiltcates  of  the  meteorites  that  the  enstatite  does  among  the 
bisilicates.  I  simply  note  this  fact  here,  not  as  giving  any  very 
definite  result  hut  simply  that  it  may  be  looked  into  by  those 
investigating  these  suDJects. 

Bates  County  Meteoric  Iron. 

This  meteoric  iron  was  first  made  known  by  a  short  note  in 
this  Journal,  Nov.,  1875,  p.  401.  It  was  discovered  near 
Butler,  in  Bates  County,  Missouri  (lat  88*"  20',  long.  94°  22'). 
The  mass  as  it  reached  me  had  been  in  a  blacksmith^  forge,  it 
having  been  heated  for  the  purpose  of  cutting  off  a  piece.  It 
weighed  about  eighty  pounds  and  was  of  an  irregular  form, 
with  nearly  equal  diameters  in  all  directions;  it  had  a  thick 
coat  of  rust  on  the  surface;  the  metal  is  very  tough  and  when 
cut  across,  numerous  nodules  of  troilite  were  found  on  the  in- 
terior free  from  any  schreibersite.  The  Widmanstatian  Bgures 
are  readily  developed,  and  are  very  large  and  regular. 

Its  specific  gravity  is  7*72.     Its  composition  is — 

Iron 8912 

Nickel 1002 

Cobalt -26 

Copper '01 

Phosphorus '12 

Some  of  the  troilite  was  detached  but  not  analyzed;  its 
specific  gravity  is  4-73. 

Rockingham  County  Meteoric  Iron. 

This  meteoric  iron  was  first  brought  to  my  notice,  in  1870, 
by  Pro£  W.  E.  Kerr,  the  geologist  of  the  State  of  North 
Ciarolina ;  but  a  short  time  afterward,  seeing  a  notice  of  it  by 
Dr.  Genth  in  the  Proceedings  of  the  Academy  of  Sciences  of 
Philadelphia,  and  as  he  proposed  giving  a  further  description 
of  the  same  at  some  future  time,  I  laid  aside  my  notes  concern- 
ing it ;  but  having  been  frequently  asked  for  particulars  in  rela- 
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tion  to  it  from  those  possessing  specimens,  I  have  concladed  to 
publish  the  notes  made  at  the  time  it  came  into  my  possession. 

This  iron  was  discovered  in  Rockingham  County,  North 
Carolina,  on  a  spot  known  as  Smith's  Mountain,  two  miles 
north  of  the  town  of  Madison,  about  lat  86°  20',  long.  79**  45'. 
It  was  found  by  Mr.  Peters,  from  whom  Prol  Kerr  obtained  it 
about  the  year  1868,  and  was  lying  on  the  surface  of  an  old 
field  which  had  been  out  of  cultivation  less  than  twenty  years, 
and  for  that  reason  it  is  supposed  it  may  have  fallen  within 
that  time.  It  weighed  originally  about  eleven  pounds  and  was 
covered  with  a  coating  of  rust  Its  structure  is  highly  crys- 
talline, and  when  polished  and  either  heated  or  acted  on  oy 
nitric  acid  furnishes  remarkably  fine  Widjnanstatian  figures, 
with  delicate  markings  on  the  inside  of  the  figures,  which  I 
designated  sometime  ago  as  Laphamite  markings,  having  first 
observed  them  on  the  Wisconsin  iron. 

This  iron  contains  narrow  seams  of  schreibersite  that  pene- 
trate the  mass  for  several  centimeters  in  different  directions, 
some  of  them  being  two  or  three  millimeters  in  thickness.  In 
one  part  of  the  iron  I  discovered  some  solid  chloride  of  that 
metal,  enough  to  test  its  nature,  and  I  detached  a  small  fragment, 
that  is  now  in  the  Museum  of  the  Oarden  of  Plants  at  Paris. 
It  attracted  moisture  after  being  taken  from  a  crevice  in  the 
iron,  and  became  quite  soft.  Tliis  is  the  second  time  I  have 
observed  this  solid  chloride  in  meteoric  iron.  The  nickelifer- 
ous  iron,  constituting  the  mass,  exhibits  the  characteristics 
common  to  iron  meteorites,  viz :  more  or  less  diversity  in  the 
character  of  the  iron  in  difl'erent  parts,  these  varieties  being  so 
intimately  associated  that  we  possess  no  means  of  separating 
them.  Dr.  Genth  considers  it  as  composed  of  three  difierent 
kinds  of  iron. 

I  selected  a  fragment  perfectly  free  from  any  schreibersite 
visible  to  the  eye ;  it  gave  a  specific  gravity  of  7*78,  and  on 
analysis  was  found  to  contain — 

Iron .  90*88 

Nickel .* 8-03 

Cobalt -60 

Copper '03 

Phosphorus '03 

This  will  be  seen  to  correspond  to  the  analysis  of  Dr.  Genth 
before  referred  to,  which  was  as  follows : 

Iron 90*41 

Nickel  (cobalt)..     8-74 
Copper 0*11 

Phosphorus  ....    014  (  "  chlorhydnc  acid. 
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Art.   XXV. — Certain  features  of  the  Valleys  or   Water-courses 
of  Southern  Long  Islaiid;  by  Elias  Lewis,  Jr. 

That  portdon  of  Long  Island  which  lies  southward  of  its  cen- 
tral range  of  highlands,  extending  from  near  its  western  extrem- 
ity to  the  Shinecock  hills,  is  a  plain,  nearly  level,  traversed  by 
numerous  shallow  valleys  or  water-courses.  There  are  about 
thirty  of  these  vallejrs,  well  defined,  in  a  distance  of  fifty  miles, 
between  East  New  York  and  Riverhead,  making  one  for  a  little 
less  than  two  miles.  In  the  lower  end  of  most  of  them  are 
flowing  streams  of  singularly  pure  water,  supplied  by  under- 
drainage  of  the  region.  The  point  where  the  springs  break  out 
in  the  valleys  represents  the  surface  of  saturation  in  the  soil. 
Above  this  point  the  valleys  are  dry  excepting  rarely  when 
streams  occur  from  surface-drainage  during  freshets,  or  from 
melting  snow  when  the  ground  is  frozen. 

Few  of  these  valleys  are  more  than  twenty  feet  in  depth ; 
their  source  is  uniformly  upon  the  high  grounds,  whence 
they  extend  southward  to  the  bay.  In  some  cases  they  may  be 
traced  nearly  across  the  bay  beneath  its  shallow  waters  to  the 
verge  of  the  ocean,  affording  evidence  of  a  recent  subsidence 
of  the  coast  A  very  marked  peculiarity  in  their  form  is 
the  steepness  or  abruptness  of  the  banks  upon  their  westerly 
sides,  and  the  very  gradual  declivity  of  those  upon  their  east- 
erly sides.  This  feature  is  so  obvious  that  it  has  long  attracted 
the  attention  of  travelers,  and  of  others  acquainted  with  this 
part  of  the  island ;  and  we  know  of  no  exceptions  to  it  which 
cannot  be  explained  by  local  conditions,  such  as  may  have 
arisen  from  confluence  of  streams  or  similar  causes. 

Another  interesting  feature  of  the  valleys  is  their  general  di- 
rection. With  somelocal  exceptions  their  general  trend  or  direc- 
tion is  a  little  west  of  south,  and  observation  of  them  through- 
out their  length  renders  it  clear  that  this  trend  has  arisen  from 
some  general  cause  acting  during  their  erosion.  The  westerly 
or  right  banks  have  been  eroded  and  worn  away  by  the  streams 
which  formed  the  valleys,  and  now  that  the  streams  have  ceased 
to  erode  them  the  steep  banks  remain. 

The  long  declivities  upon  their  easterly  sides  prove  that  the 
axis  of  the  stream  was  originally  several  rods,  in  some  cases 
from  an  eighth  to  a  fourth  of  a  mile  eastward  of  where  the  axis, 
or  deepest  part  of  the  valley  now  is.  The  phenomena  we  are 
considering  cannot  be  explained  by  any  merely  local  cause 
with  which  we  are  acquainted.  The  valleys  are  of  postglacial 
formation,  and  are  in  stratified  gravels  and  sands  distributed 
during  the  Champlain  subsidence,  and  were  probably  formed  as 


216  Scientific  Intelligence. 

the  coast  gradually  emerged  from  the  water  at  the  close  of  that 
period. 

Features  such  as  we  have  described  have  frequently  been 
noticed  in  river  valleys,  but  we  are  not  aware  of  any  instance 
where  so  large  a  number  of  short  valleys,  none  of  them  more 
than  ten  miles  long,  present  in  so  striking  a  manner  the  pecul- 
iarities mentioned. 

That  the  cause  is  a  general  one  seems  probable.  As  sug- 
gested by  Prol  Dana,  who  recently  visited  the  island,  the  form 
and  direction  of  the  valleys  in  question  may  have  arisen  from 
the  combination  of  motions  to  which  Prof.  Kerr  of  North  Caro- 
lina attributes  similar  phenomena  in  the  south-eastward  flowing 
streams  of  thatstata  "The  cause,"  Prol  Kerr  observes,  "is 
doubtless  the  rotation  of  the  earth  upon  its  axis  co-acting  with 
the  river  current"  To  a  like  combination  of  motions  Prot 
Maury,  in  1855,  referred  some  of  the  phenomena  of  ocean  cur- 
rents. The  principle  is  the  same  that  is  exemplified  in  Uie 
circulation  of  ocean  waters,  in  which,  as  a  writer  observes, 
"  Any  waters  flowing  from  the  polar  regions  (where  the  earth's 
motion  is  slow)  toward  the  equator,  would  be  thrown  mainly 
against  the  west  side  of  the  oceans  *  *  for  they  have  no 
power  to  keep  up  with  the  earth's  motion," 

A  similar  result  occurs  with  southward  flowing  streams  over 
the  land.  For  this  reason  the  bank  upon  the  west  side  of  the 
stream  is  continually  driven  against  it,  in  consequence  of  which 
the  bank  is  abraded  by  the  current,  and  worn  away. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  Rock^frystaJL  Balance^eam^^  Thermometers^  and  ffradit- 
ated  Circles, — Stein,  who,  in  1874,  proposed  the  manufacture  of 
standard  linear  measures  and  weights  in  rock  crystal,  now  goes 
farther  and  suggests  the  manufacture  of  balance-beams,  graduate 
circles  for  telescopes,  theodolites  and  quadrants,  and  even  tbe^ 
mometers,  of  this  material.  With  reference  to  weights,  be  states 
that  the  spherical  form  has  been  adopted  in  preference  to  the 
cylindrical,  for  many  reasons,  among  others,  because  it  is  cheaper. 
For  balance-beams,  and  scale-pans,  the  lightness  of  quartz,  2*65,  is 
in  its  favor,  aluminum  being  only  2'61 ;  moreover  its  unalterability 
by  chemical  agents  is  complete.  The  construction  presents  no 
special  practical  difficulties.  Graduated  circles  are  cut  from  a 
quartz  crystal  perpendicular  to  the  axis.  For  thermometers,  a  rod 
like  that  used  for  the  linear  unit  can  be  bored  lengthwise  and  the 
tube  polished,  an  enlarged  reservoir  being  made  at  the  bottom  for 
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try,  and  the  top  closed  with  an  air-tight  stopper  of  the 
erial — Ber,  Berl.  Chem,  Ges.^  ix,  1824,  Jan.  1877. 

o.   F.  B. 

hUion  of  Hydrogen  at  both  Electrodes  in  Electrolysis. — 
B  has  made  the  curious  observation  that  if  a  wire  of 
m  be  made  the  anode  in  a  decomposition  cell  containing 
iiluted  sulphuric  acid,  a  wire  of  platinum  being  made 
de,  hydrogen  gas  is  evolved  at  both  electrodes,  though  at 
\  only  half  as  much  gas  appears  as  at  the  cathode ;  and 
ratio,  though  the  total  evolution  of  gas  varies  with  the 
.rength,  remains  constant.  The  same  result  happens 
>lace  of  the  sulphuric  acid,  a  moderately  dilute  solution 
•simn  sulphate  is  used ;  only  in  this  case,  magnesium  hy- 
ieposited  at  both  electrodes.  Direct  quantitative  experi- 
>wed  that  the  quantity  of  magnesium  dissolved  at  the 
rresponded  exactly  to  the  quantity  of  hydrogen  set  free 
e  volume  of  hydrogen  evolved  at  the  cathode  being  the 
that  set  free  in  a  voltameter  in  the  same  circuit.  The 
ence  believes  that  the  positivity  of  the  masj:nesium  is  so 

by  the  current  that  it  combines  not  only  with  the 
et  free  by  this  current,  but  also  with  additional  oxygen, 
>gen  which  was  united  to  it,  appearing  in  the  free  state, 
wever,  this  hydrogen  should  be  exactly  one  half  of  that 
it  the  cathode,  is  a  question  not  yet  capable  of  explana- 
w.  BerL  (Jliem,  Ges,y  ix,  1818,  January,  1877,  q.  p.  b. 
Ulon  of  the  Molecular  weights  of  Chemical  substances  to 
it-ahsorbing  power, — Aymonnet  has  examined  a  number 
»  liquids  and  also  a  number  of  solutions,  with  a  view  to 
their  power  of  absorbing  heat,  in  order  to  trace  some  oon- 
etween  this  property  and  their  molecular  weights.  The 
Et  were  concentrated  upon  a  slit  half  a  millimeter  wide, 
ed  through  a  tank  containing  the  liquid  to  be  examined, 
ugb  a  lens  and  prism,  producing  a  spectrum.  A  thermo- 
ig  an  opening  one  milhmeter  wide  was  moved  millimeter 
leter  along  this  spectrum,  the  deflection  of  the  needle 
istantly  noted.  From  the  data  thus  obtained  the  amount 
ransmitted  is  calculated ;  the  difference  between  the  re- 
m  the  tank  is  full  and  emptv  being  due  clearlv  to  the 
n  of  the  liquid  within  it.  The  author  concludes:  1st, 
molecular  absorbing  power  appears  to  be  constant :  (A) 
elementary  bodies  when  dissolved  in  the  same  medium ; 
or  elementary  bodies  which  compose  substances  of  analo- 
nical  constitution.  Among  other  physical  results,  he  has 
that  when  the  temperature  of  a  source  of  heat  of  known 

is  raised,  the  absorbing  power  of  bodies  submitted  to 
tions  from  this  source  all  diminish  in  the  same  ratio. — 
'.  Ch.^  II,  XX vi,  December,  1876.  g.  f.  b. 

Ihe  Existence  of  Solid  Particles  of  Carbon  in  Iniminous 
-Heumann,  in  his  fourth  paper  on  the  theory  of  luminous 
».  aci.— Third  Sbribs,  Vol.  XIII,  No.  75.— March,  1877. 
15 
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flames,  coDsiders  at  length  the  question  of  the  nature  of  the  light- 
emitting  material  in  luminous  hydrocarbon  flames,  and  concludes 
that  it  is  really  solid  incandescent  particles  of  carbon.  The 
proofs  he  ofl*ers  are :   1  st,  the  increased  luminosity  which  chlorine 

fives  to  weakly  luminous  or  non-luminous  flames,  due  to  its  well- 
nown  property  of  separating  the  carbon  as  such.  2d,  a  rod  held 
in  a  flame  is  smoked  only  on  the  lower  side,  the  side  opposed  to 
the  gas  stream;  were  the  carbon  there  as  vapor,  as  Frankland 
assumes,  it  would  be  condensed  by  a  cooling  action  and  so  all 
around  the  rod.  dd,  a  bodv  held  in  the  flame  is  smoked  even 
when  it  is  in  a  state  of  ignition ;  this  therefore  cannot  be  con- 
densation of  a  vapor.  4th,  these  particles  can  be  actually  seen  in 
the  flame  when  it  is  made  to  strike  against  a  second  flame  or  an 
iffnited  surface,  these  particles  aggregating  together  to  form  vis- 
ible masses.  5th,  the  luminous  portion  of  a  flame  is  not  very 
transparent,  no  more  so  than  the  layer  of  smoke  of  the  same  thick- 
ness which  rises  above  a  flame  fed  with  turpentine.  And  6th, 
flames  which  unquestionably  owe  their  luminosity  to  the  presence 
of  solid  particles  give  a  shadow  with  sunlight,  precisely  as  do 
hydrocarnon  flames;  while  luminous  flames  composed  of  ignited 
gases  and  vapors  only,  give  no  such  shadow  in  sunlight. — Liebig*s 
AnncUeft^  clxxxiv,  206,  l)ec.  1876.  G.  F.  B. 

5.  Alcohol  from  the  Leaves  of  the  sugar-beet. — ^Pibrks,  assuming 
that  the  sugar  found  in  the  beet-root  must  be  elaborated  by  the 
leaves,  has  examined  these  leaves  for  sugar.  Owing,  however, 
to  the  difficulty  of  preparing  the  sugar  as  such,  he  subjected  the 
juice  expressed  from  these  leaves  to  fermentation,  and  from  the 
alcohol  obtained,  estimated  the  quantity  of  bugar.  The  leaves 
employed  were  collected  in  November,  and  weighed  158  kilo- 
grams. They  yielded  34  to  35  liters  of  juice,  which  after 
fermentation,  gave  275  cubic  centimeters  of  alcohol  of  68  per 
cent.  Calculating  from  these  data,  each  hectare  of  land  would 
furnish  about  173  liters  of  absolute  alcohol,  as  a  minimum.—  (7.  -R., 
Ixxxiii,  1075,  Dec.  1876.  g.  f.  b. 

6.  On  the  iJetection  of  ordinary  Alcohol  itt  Wood  Spirit,— 
Berth ELOT  gives  the  following  simple  method  of  recognizing  the 
presence  of  ethyl  alcohol  in  wood-spirit.  The  suspected  mixture 
IS  heated  with  twice  its  volume  of  concentrated  sulphuric  acid, 
and  the  gases  evolved  collected.  If  they  consist  solely  of  methyl 
ether,  they  will  be  entirely  absorbed  by  water  or  by  concentrated 
sulphuric  acid ;  but  if  alcohol  be  present,  ethylene  will  be  formed 
which  is  insoluble  in  these  menstrua  under  these  conditions,  while 
it  is  absorbed  by  bromine.  So  small  a  quantity  as  one  or  two 
per  cent  of  alcohol  may  be  recognized  in  this  way.  Acetone  and 
other  similar  bodies  present  in  wood-spirit,  yield  no  ethylene.— 
Ann,  Chiin,  Phys.^  V,  ix,  54,  Sept.  1676.  g.  f.  b. 

7.  Synthesis  of  Alla?it(>in. — Grimaux,  having  observed  that 
pyruvic  acid  in  reacting  upon  urea  generated  a  substance  pyruvile 
CjHgN.Oj^,  homologous  with  allantoin,  inferred  that  its  homo- 
logue,  glyoxylic  acid,  by  the  same  reaction  would  yield  allantoin 
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jlf.  This  he  finds  to  be  the  fact.  One  part  of  glyoxylic  acid 
1  two  parts  of  urea  were  heated  to  100°  for  8  or  10  hours,  the 
88  was  exhausted  with  four  times  its  weight  of  boiling  alcohol, 
1  the  residue  insoluble  in  alcohol,  was  dissolved  in  12  to  15 
168  its  weight  of  boiling  water.  This  on  cooling  deposited 
ratals,  which  after  recrystallization  appeared  as  brilliant  hard 
trou8  prisms,  giving  on  analysis  the  formula  C^H^N^Og,  and 
I'ing  an  the  properties  of  allantoin.     The  reaction  is : 

C,H,03  +  (CON,Hj,=C,H,N,03+(H,0)a. 
e  mode  of  its  formation  proves  allantoin  to  be  a  glyoxylic 

ireide  with  the  constitutional  formula:  CH     xtttT"  *' 

CO— KH/'"^ 
BtUi,  Soc.  Ch,,  II,  XX vi,  482,  Dec.  1876.  G.  F.  b. 

8.  Rhodein^  a  netc  test  for  Aniline. — Jacquebiin  has  proposed 
lew  test  for  the  presence  of  aniline,  which  is  a  modification  of 
e  hypochlorite  test.  A  centigram  of  aniline  in  600  c.  c.  of  water, 
0W8  no  reaction  ordinarily  with  the  hypochlorite  of  sodium. 
it  if  a  few  drops  of  a  very  dilute  solution  of  ammonium  sulphide 
ne  drop  to  30  c.  c.  of  water)  be  added,  a  magnificent  rose  color 
developed,  due  to  a  new  body  which  the  author  calls  rhodein. 
\  4  milligrams  of  aniline  can  be  detected  in  a  liter  of  water,  the 
ait  of  delicacy  in  the  reaction  is  ^nhnnf — Ann.  Chim,  Phys,^ 
,  ix,  571,  Dee.  1876.  q.  f.  b. 

9.  ^Sensitive  Flames, — Mr.  R.  H.  Kidou:^  has  devised  a  form  of 
rner  by  which  great  sensitiveness  is  attained  at  very  low  pres- 
re8,  and  thus  the  principal  difficulty  ordinarily  experienced,  of 
lintaining  a  high  and  constant  pressure,  is  avoided.  A  glass  or 
^tallic  tube,  about  five  inches  long,  and  five-eighths  inch  diame- 
p,  is  closed  at  one  end  with  a  perforated  cork,  through  which 
des  a  piece  of  one-eighth  tubing  about  six  inches  long.  One 
d  of  this  is  either  drawn  out  to  a  jet  or  closed  in  the  blow-pipe 
,me  to  reduce  its  diameter  to  about  one-sixteenth  inch,  and  the 
her  end  is  connected  to  a  gas  supply.  The  outer  tube  is  held  in 
suitable  support,  and  the  inner  tube  is  pushed  through  the  cork 
1  it  nearW  reaches  the  mouth  of  the  outer  one,  and  a  light  is  then 
•plied.  It  now  gives  a  long  steady  flame  which  is  easily  rendered 
D8itive  by  lowering  the  inner  tube.  Several  effects  are  described 
liich  may  be  shown  by  it  at  any  pressures  above  one-tenth  inch 
wat€r. 

A  second  arrangement  is  figured,  in  which  two  parallel  vertical 
bes  are  connected  by  a  horizontal  tube  in  wliich  a  drop  of  water 
placed  as  an  index.  A  very  slight  excess  of  pressure  is  shown 
r  the  motion  of  the  drop  to  one  side  or  the  other.  Allowing  gas 
flow  through  both  tubes  and  lighting  either  jet  the  water  will 
ove  toward  the  other,  showing  that  the  effect  of  the  combustion 
to  obstruct  the  flow.  Similarly  it  may  be  shown  that  a  hensi- 
^-e  jet  produces  a  greater  resistance  when  its  length  is  shortened 
1  a  noise  or  musical  note.  This  effect  may  also  be  shown  whether 
e  jet  is  lighted  or  not. — Nature^  xv,  119.  e.  c.  p. 
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10.  Theory  of  Luminoue  Flames. — ^Dr.  Karl  Hinmann  has 
published  an  elaborate  discussioD  on  this  sabject,  in  which  he  con- 
cludes that  the  theory  of  Davy  must  be  altered,  but  need  not  be 
replaced  by  a  new  hypothesis.  From  a  discussion  of  the  work  of 
previous  obsen^ers,  and  a  varietv  of  experiments  on  the  diminution 
and  restoration  of  luminosity  m  hydrocarbon  flames,  and  on  the 
distance  between  flame  and  burner,  he  arrives  at  the  following 
conclusions. 

(1.)  The  fact  that  a  gas-flame  does  not  rest  upon  the  burner, 
nor  a  candle-flame  upon  the  wick,  as  also  the  fact  that  a  flame 
never  directly  touches  a  cold  body  held  within  it,  is  to  be  ex- 
plained by  the  cooling  action  exercised  upon  the  gas  by  its  sur- 
roundings. The  combustible  gases  are  cooled  throughout  a  definite 
space  below  their  ignition-temperature;  the  flame  is  therefore 
extinguished.     This  conclusion  is  opposed  to  that  of  Glochmann. 

^2.)  The  very  considerable  distance  noticed  between  the  burner 
ana  the  flame  of  a  gas  issuing  under  high  pressure,  or  mixed  with 
a  large  column  of  an  indifferent  gas,  cannot  be  accounted  for  on 
the  grounds  put  forward  by  Benevides.  The  production  of  such 
a  distance  is  much  rather  to  be  traced  to  the  cooling  action  of  the 
stream  of  gas  and  of  the  outer  air,  and  perhaps  more  especially  to 
the  fact  that  the  velocity  of  the  stream  of  gas  in  the  neighborhood 
of  the  burner  is  greater  than  the  velocity  of  propagation  of  ignition 
within  the  gas. 

(3.)  In  order  that  Ather  circumstances  conditioning  the  effect 
may  be  removed,  the  velocity  of  propagation  of  ignition  must  be 
equal  to  that  of  the  gas-stream  at  the  point,  situated  some  distance 
from  the  burner,  where  the  flame  begins. 

Determination  of  the  velocity  of  ignition  should  be  made  under 
these  conditions  for  different  gases,  and  since  this  magnitude  is  a 
function  of  the  difference  between  ignition  and  combustion  tem- 
peratures, conclusions  may  be  drawn  from  such  experiments 
regardinfij  the  relations  existing  between  these  points. 

(4.)  The  velocity  of  propagation  of  ignition  may  be  easily  dete^ 
mined  for  solid  and  liquid  combustible  bodies ;  and  the  numbers 
so  obtained  may  be  regarded  as  comparative  quantitative  expres- 
sions for  the  liability  to  ignition  of  these  substances. — Ann,  der 
Chemie^  clxxxi,  II,  129,  clxxxii,  1;   Phil.  Mag.^  iii,  1.     e.  c.  p. 

11.  Influence  of  Pressure  on  Combfistion. — M.  Wabtha  has 
observed  the  buniing  of  six  stearine  candles  in  free  air,  and  in  an 
iron  case  under  a  pressure  of  1*95  atmospheres.  They  burned 
under  this  pressure  with  a  flame  of  9  to  12  cm.  long,  and  gave 
much  smoke ;  their  luminous  power  diminished,  while  the  flame 
assumed  a  yellowish-red  color.  The  decrease  of  weight  after  one 
hour  of  burning  was  found  to  be  less  than  in  burning  in  free  air. 
This  last  result  is  opposed  to  the  observations  of  Frankland,  who 
has  affirmed  that  the  consumption  of  the  burning  material  of  a 
candle,  or  the  like,  is  not  perceptibly  dependent  on  the  pressure 
of  the  medium  in  which  the  combustion  occurs.  It  is  supposed 
that  the  difference  of  pressure  in  Frankland's  experiments  (on 
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Mont  Blanc  and  at  Chamouny)  was  not  sufficiently  great  to  give 
a  distinct  difference  in  consumption  of  the  burning  matter.  M. 
Wartha  further  put  a  candle  to  burn  under  an  air  pump  receiver, 
with  Bpecial  apertures,  and,  with  increasing  rarefaction,  the  flame 
was  seen  to  enlarge,  and  its  luminous  power  to  diminish.  At  a 
pressure  of  90  mm.,  the  greatest  rarefaction  produced,  the  lumin- 
ous power  was  quite  gone,  and  the  flame,  which  now  assumed 
three-fold  size,  appeared  to  consist  of  three  parts,  an  inner  bluish- 
ereen  cone  with  a  violet  sheath,  and  a  weakly  violet  mantle. 
The  diminution  of  the  luminous  power  in  this  case  M.  Wartha 
explains  by  the  fact  that  under  less  pressure  less  of  the  products 
of  combustion  are  separated  in  the  form  of  soot. — Nature^  xv, 
167.  K.  G.  p. 

12.  Large  Induction  CoU, — Mr.  Wm.  Spottiswoode  has  had 
the  largest  induction-coil  yet  made,  constructed  for  him  by  Mr. 
Appa.  This  coil,  which  is  capable  of  giving  sparks  42  inches  long, 
is  constructed  as  follows:  It  nas  two  primaries,  one  used  for  long 
sparks  which  has  a  core  consisting  of  a  bundle  of  iron  wires  *032 
in.  thick,  forming  a  solid  cylinder  44  in.  long,  and  d'56'J5  in.  in 
diameter.  Its  weight  is  67  lbs.  The  copper  wire  of  this  primary 
is  (560  yards  long,  '096  in.  in  diameter,  has  a  conductivity  of  '93 
and  a  total  resistance  of  2*3  ohms.  It  contains  J, 844  turns  wound 
singly  in  six  layers,  has  a  total  length  of  42  in.  with  an  internal 
diameter  of  3*75  in.  and  an  external  diameter  of  4*75  in.  The 
other  primary,  which  is  intended  to  be  used  with  batteries  of  less 
resistance  for  short,  thick  sparks,  or  for  spectroscopes,  is  heavier 
than  the  other,  the  core  weighing  92  lbs.  and  the  wire  84  lbs. 
The  latter  may  be  so  connected  as  to  be  equivalent  to  a  wire 
of  double  or  six  times  the  cross-section  of  a  single  wire.  The  sec- 
ondary coil  consists  of  280  miles  of  wire  arranged  in  341,860 
turns.  It  forms  a  cylinder  37*5  in.  in  length,  9*5  internal  and 
20  inches  external  diameter.  The  total  resistance  is  110,200 
ohms.  It  is  wound  in  four  sections,  the  diameter  of  the  wire  in 
the  two  central  sections  being  -0095  and  in  the  outer  0115  and 
'0110.  The  increased  section  of  the  extremities  is  to  allow  for  the 
accamulated  charge  that  portion  of  the  wire  has  to  carry.  The 
condenser  required  proved  to  be  smaller  than  was  anticipated. 
The  size  commonly  employed  with  a  10-inch  coil  gave  the  best 
results.  It  consists  of  126  sheets  of  tin-foil  18X8*25  in.,  separated 
by  two  thicknesses  of  varnished  paper,  '0055  thick.  With  5 
quart  cells  of  Grove,  a  spark  of  28  inches  was  obtained,  with  10, 
one  of  36  inches,  with  30  one  of  37-5,  and  later,  one,  of  42  inches. 
As  these  sparks  were  obtained  without  difliculty,  it  appears  not 
improbable  that,  if  the  insulation  of  the  ends  of  the  secondary 
wire  be  carried  further  than  at  present,  a  still  longer  spark  might 
be  obtained.  The  insulation  is  such  that  70  cells  have  been  used 
without  injury.  With  the  28-inch  spark  a  block  of  flint-glass 
three  inches  m  thickness  has  been  pierced.  When  used  for 
vacuum  tubes  this  coil  gives  illumination  of  extreme  brilliancy 
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and  very  long  duration ;  with  20  to  30  cells  and  a  Blow  working 
mercury  break,  giving,  say  80  sparks  per  minute,  the  stri»  last 
long  enough  for  their  forward  and  backward  motion  to  be  per- 
ceived directly  by  the  unassisted  eye.  The  appearance  of  the  stris 
when  viewed  in  a  revolving  mirror  was  unprecedeutedly  yivid^ 
and  this  even  when  only  two  or  three  cells  were  employed. — Phil, 
Mag.^  iii,  30.  e.  c.  p. 

13.  Lectures  on  some  Recent  Advances  in  Physical  Science^ 
with  a  Special  Lecture  on  Torce ;  by  P.  G.  Tafp,  M.A.  Second 
edition,  revised.  London,  1876.  (Macmillan  &  Co.) — The  lectures 
of  Professor  Tait,  as  is  staled  in  the  preface  to  the  first  edition, 
were  delivered  in  the  spring  of  1 874.  They  are  printed  in  the 
same  form  in  which  they  were  given  in  the  lecture-room,  with 
only  occasional  changes;  the  somewhat  familiar  way  in  which 
the  principles  are  presented,  however,  is  by  no  means  a  defect  in 
the  book,  but  on  the  contrary  makes  it  all  the  more  interesting 
and  readable.  Of  the  thirteen  lectures  in  the  first  edition  about  one- 
half  are  on  the  subject  of  the  Conservation  and  Tmnsformation  of 
Energy.  The  clear  and  systematic  way  in  which  Professor  Tait 
has  developed  this  most  important  subject  makes  the  book  an  inval- 
uable one  for  all  who  would  become  familiar  with  the  principles 
upon  which  modem  Physical  Science  is  based.  Not  the  least 
interesting  of  the  lectures  devoted  to  this  matter  is  the  one  in 
which  the  early  history  of  Energy  is  discussed,  from  the  laws  of 
Newton  to  the  experiments  of  Joule  and  Colding.  The  remaining 
six  lectures  are  devoted  to  :  Radiation  and  Absorption,  the  Spec- 
trum Analysis,  the  Conduction  of  Heat,  and  the  Structui*e  of  Matter. 
These  subjects  are  treated  in  the  same  clear,  logical  way  which 
characterizes  the  discussion  of  the  principle  of  Energy.  A  lecture 
on  the  subject  of  Force  has  been  added  to  the  second  edition  of 
the  work;  it  was  originally  delivered  in  September,  1876,  before 
the  British  Association. 

11.   Geology  and   Miiseralogy. 

1.  Grand'eury  on  the  Carboniferous  Flora*^ — This  remarkable 
memoir,  though  entitled  the  Carboniferous  Flora  of  the  Depart- 
ment of  the  Loire  and  of  Central  France,  discusses  the  comparative 
distribution  of  the  coal  plants  of  all  parts  of  the  world,  and  the 
botanical  relations  of  all  the  genera  of  the  Coal  period,  so  that  it 
is  quite  as  much  a  general  as  a  local  work ;  and  it  is  in  truth  one 
of  the  most  important  contributions  made  for  a  long  time  to  our 
knowledge  of  the  Paleozoic  Flora.  One  of  its  distinguishing 
characteristics  is  the  attention  given  by  the  author  to  the  study 
of  plants  ill  situ,  and  to  the  relation  of  their  parts  to  each  other, 
as  ascertained  in  the  beds  in  which  they  lie.  The  description  of 
coal  plants  from  mere  fragments  of  loaves  or  stems,  or  even  from 

*  Flore  Carbonif^ro  du  Dopartement  de  la  Loire  et  du  Centre  de  la  France,  par 
F.  Cjrille  Grand'eury,  (Mem.  Acad.  Sci.  France.) 
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detached  fruitfl,  must  always  be  unsatisfactory,  and  yet  this  is  all 
that  has  been  possible  to  many  eminent  and  labonous  workers  in 
this  field.  We  need  however  much  more  than  this.  The  paleo- 
botanist  must  dig  for  himself,  and  spare  no  labor  to  trace  up  any 
plant  to  its  leaves  and  fructification  on  the  one  hand,  and  to  its 
roots  on  the  other.  For  work  of  this  kind,  M.  Grand'eury  seems 
to  have  enjoyed  great  facilities,  more  especially  in  the  sections  at 
St.  Etienne,  which  rival  those  of  the  South  Juggins  and  North 
Sydney  in  Nova  Scotia  in  their  exposure  of  plants  in  situ,  while 
they  8eem  even  to  excel  them  in  the  preservation  of  minute 
structure.  The  result  is  that  M.  Grand'eury  affirms  with  con- 
fidence many  correlations  of  parts  and  structures,  heretofore 
attested  on  the  evidence  of  actual  observation  in  the  Nova  Scotia 
sections,  but  which  have  been  persistently  denied  by  some  Euro- 
pean botanists,  because  not  in  harmony  with  their  preconceived 
views. 

In  the  strictly  botanical  part  of  the  work,  which  extends  to  348 
quarto  pages,  with  an  atlas  of  thirty-seven  plates,  M.  Grand'eury 
passes  in  review  all  the  leading  genera  of  coal  plants,  and  more 
especially  those  which  constituted  the  forest  trees  of  the  period. 
\V  e  can  notice  only  a  few  of  the  more  important  points  on  which 
he  tC'Uches. 

Beginning  with  the  order  of  Valamarice,  which  he  recognizes 
as  belonging  to  the  vascular  Cryptogams  and  near  to  the  modern 
JSquisetacecB,  he  admits  as  true  genera  Oala/nites,  Astevop/iylliteSy 
AnnulariGy  Equisetites  and  Sphenophyllum,  This  is  in  accordance 
with  the  views  always  held  by  our  American  paleo-botanists, 
but  contrary  to  the  hasty  statements  which  have  sometimes  been 
made  elsewfiere,  that  the  leaves  known  as  AsterophyllU^,  Spheno- 
phyUum,  etc.,  were  those  of  Calamites,  and  that  Catamites  them 
selves  are  but  internal  casts  of  Calamo(le?idra.  On  these  points 
M.  Grand'euiy  brings  many  new  facts  to  show  diversities  in 
structure  and  fnictification  between  these  plants.  He  recognizes, 
however,  some  Volkmanni<e^  as  being  fruits  of  Aster o] thy II ites, 
and  IHnnulari(jB  as  roots  of  Amnilaria.  The  phenomena  of  erect 
stems  of  Caktmites  retaining  their  roots  and  other  appendages, 
and  the  structure  of  these  stems,  have  forced  him  to  the  same 
conclusion  always  maintained  by  the  writer  of  this  article,  that 
while,  as  Williamson  has  shown  in  his  admirable  memoii*s,  there 
are  calamite-like  bodies  which  are  internal  casts  of  stems  of  Caia' 
modendr a,  there  are  true  Calamites  of  quite  distinct  nature.  Of 
the  rhizomes  of  some  Calamites,  their  branching  at  the  base  and 
sides,  so  as  to  form  stools  or  clumps,  and  their  following  up  the 
increase  of  the  sediment  around  them,  by  sending  out  branches  at 
various  heights,  he  has  numerous  examples.  He  denies  the  Cala- 
mites true  leaves,  and  thinks  that  their  verticillate  branches  and 
bmnchlets,  which  are  sometimes  though  rarely  preserved  in  Nova 
Scotia,  were  either  unusual  or  very  deciduous. 

The  discussion  of  the  Ferns  is  full  of  interesting  m:itter;  but 
cannot  be  entered  into  here,  except  to  state  that  he  sides  with  the 
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writer  in  regarding  Megaphyton  as  a  tree-fern  with  leaves  in  two 
series,  and  aerial  roots  (as  restored  in  Acadian  Greology,  p.  -(48), 
and  recognizes  one  of  his  French  species  as  identical  with  J/. 
McLeayi  of  Lesquereux.  In  the  order  L7Ci>podiace»  he  makes  the 
LepidodendrefJB  a  separate  family,  including  the  genera  Lepidoden- 
dron  and  Lepidophloyos,  The  latter  is  an  old  and  natural  genus  of 
Sternberg,  very  much  ignored  in  England,  but  which  has  been 
recognized  and  used  by  paleo-botanists  in  this  country.  Under 
the  name  PseudosigiUaria,  he  includes  some  stems  referred  by 
authors  to  SigiUaria^  but  which,  on  grounds  connected  with  the 
nature  and  arrangement  of  the  leaf-scars,  he  very  properly  asso- 
ciates with  the  Lepidodendra.  There  can  be  no  doubt  that 
many  cases  of  this  kind  exist ;  though  it  may  be  doubted  whether 
the  foundins:  of  a  genus  for  them  is  the  best  mode  of  disposing 
of  such  doubtful  specimens.  Knorria  and  HaUmia  are  recognizel 
as  imperfectly  preserved  or  aberrant  Lepidodendrece, 

Perhaps  the  most  remarkable  part  of  this  memoir  is  the  great 
development  whicli  it  gives  to  the  group  of  Gymnosperms,  which, 
as  represented  in  the  Coal  formation,  he  divides  into  the  orders 
of  the  SigiUariaeeie,  the  Cordalaceie,  and  the  CalaniodendracecB 
with  the  uncertain  group  of  Noeggerathice.  As  to  the  Sigillaria 
family,  he  merely  ventures  to  divide  the  great  genus  SigUlaria 
into  provisional  sub-genera  in  the  same  manner  in  which  this  has 
been  done  by  others;  but  he  recognizes  Syringodendron  as  a 
separate  genus.  He  thinks  this  last  must  have  had  very  minute 
leaves,  and  he  refers  to  it,  as  its  roots,  certnin  Stigmarioid  organs 
which  he  terms  Stigmariopsis,  and  which  differ  in  some  particulars 
from  the  true  Stigmaria  roots  of  the  SigiUarhe.  As  to  the  tnie 
ISigiUarim^  he  holds  with  Brongniart,  and  with  Newberry  and 
the  writer  in  America,  that  they  are  Gyranospermous,  or  perhaps, 
more  precisely,  that  the  true  Sigillurm  are  of  this  rank,  but  that 
some  of  the  species  confounded  with  these  by  their  similarity  of 
external  markmgs,  may  be  allied  to  the  Lepidodendra.  lie  does 
not  seem  to  have  met  with  any  specimens  that  show  the  advanced 
structures,  approaching  to  those  of  the  Cycads,*  found  in  some 
Nova  Scotian  specimens,  but  he  considers  the  structure  of  the 
stem  exogenous,  and  the  resemblances  which  it  presents  to  Lepi- 
dodendron  as  merely  depending  on  adaptation  to  a  similar  habitat 
He  has  not  found  the  fruit  of  Sigillaria  in  place,  but  believes  that 
he  has  discovered  indications  of  seeds  borne  on  the  bases  of 
leaves,  and  he  is  also  inclined  to  accept  the  circumstantial 
evidence  adduced  by  Dr.  Newberry  and  the  writer,  that  the 
TVigonocarpa  and  similar  fruits  may  have  belonged  to  some 
species  of  Sigillaria. 

The  elevation  of  the  genus  Cordaltea^  hitherto  very  impt^rfectly 
known,  to  the  rank  of  the  type  of  an  order  is  a  feature  in  this 
memoir.  In  some  parts  of  America  the  leaves  of  these  plants 
occur  in  excessive  aoundaiice,  beds  of  shale  being  filled  with  them 

*  Incorrectlj  said  to  resemble  Conifers,  which  is  a  misapprehension,  arising 
perhaps  from  the  imperfect  way  in  which  they  have  been  figured. 
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and  layers  of  coal  apparently  composed  of  their  remains;  and 
they  range  all  the  way  from  the  Middle  Devonian  to  the  Permo- 
Carboniferous.  But  they  are  invariably  found  as  detached  leaves, 
and  their  broad  thin  bases  give  the  idea  of  an  attachment  to 
merely  herbaceous  stems.  These  stems  have  not,  so  far  as  I  am 
aware,  been  found  in  America  with  their  structure  preserved ;  and 
Corda,  who  alone  had  figured  this  stem  from  European  specimens, 
represents  it  as  having  a  slender  axis  of  scalariK)rm  vessels  re- 
sembling that  of  a  Lycopodiaceus  plant,  and  indeed  not  more 
developed  than  that  of  the  Psilophyton  of  the  Lower  Devonian. 
M.  Grand'eury  reverses  all  this.  He  adduces  facts  which  it  would 
be  impossible  here  even  to  summarize,  to  show  that  some  at  least 
of  these  plants  were  of  arboreal  dimensions  and  that  they  had  woody 
stems  similar  to  those  of  Conifers.  He  even  attributes  to  them  the 
wood  hitherto  known  as  Dadoxylon^  though  in  this  we  can  scarcely 
agree  with  hinu  They  are  divisible  into  several  generic  forms, 
as  Cordnitea^  Dory-cordaites^  Eii-cordaites,  and  Poorcordaites^ 
which  it  is  however  admitted  may  be  very  distinct  from  each 
other  in  structure  and  affinitien.  Their  fruits  were  the  Cardiocarpa 
and  other  kinds  of  Carpolites^  and  when  borne  on  the  plant,  they 
constituted  spikes  which  have  been  known  as  Antholithes.  The 
material  illustrative  of  this  new  order  at  Grand'eury's  disposal  has 
been  very  extensive,  and  his  conclusions  deserve  careful  study  and 
attention,  though  one  can  hardly  help  suspecting  that  he  has 
united  to  the  ordinary  Cordaites  plants  of  much  higher  affinities. 

The  CcUamodendra,  whose  structure  was  first  made  out  by 
Cotta,  and  which  have  lately  been  so  well  illustrated  by  William- 
son, are  here  elevated  into  a  family,  which  includes  the  two  genera 
ArthropitvB  and  CcUamodendron,  agreeing  in  having  an  internal 
jointed  medullary  cavity  resembling  a  Calamite,  but  differing  in 
the  Btructure  of  their  wood ;  that  of  Calamodendron  consisting  of 
alternate  radiating  plates  of  fibers  without  definite  order  and 
others  in  radiating  series.  The  leaves  of  these  plants  have  proba- 
bly been  confounded  with  those  of  Asterophyllites^  and  are  narrow, 
rigid  and  verticillate.  Williamson  has  shown  that  Calamostachys 
Binneyana  and  a  species  of  Volhmannia  have  structures  similar 
to  those  of  Calamodendron  and  Arthropitus.  Grand'eury  believes 
that  these  may  be  male  strobiles  with  pollen,  and  that  the  true 
fruits  may  be  of  the  kinds  known  as  Polypterocarpus  and  iStepha- 
nowermum. 

The  concluding  plates  of  the  memoir  give  a  series  of  restorations 
of  the  principal  arborescent  plants  of  the  Coal  formation,  which 
are  all  highly  suggestive,  and  many  of  them  fully  warranted  by 
the  facts  stated  in  the  memoir.  The  part  of  the  memoir  devoted 
to  the  geological  relations  of  the  plants  described  might  well 
merit  a  separate  notice.  It  treats  of  the  best  manner  of  subdividing 
the  Carboniferous  System ;  of  the  characteristic  plants  of  each 
stage  of  the  system,  not  only  in  France  but  elsewhere ;  of  the 
plants  which  have  principally  contributed  to  the  formation  of  coal ; 
and  of  the  relations  of  these  plants  to  the  thickness,  quantity  and 


226  Scientific  Intelligence, 

age  of  the  coal-seams.     There  is  of  course  also  a  large  amount  of 
local  detail  relating  to  the  French  coal-fields. 

On  the  whole,  this  memoir  should  be  welcomed  by  all  paleon- 
tologists. It  is  undoubtedly  most  accurate  and  trustworthy  as  to 
the  affinities  of  the  coal  plants  which  the  author  has  been  able  to 
study  in  their  various  parts  and  organs ;  and  in  respect  to  all,  it  is 
most  suggestive,  and  cannot  fail  to  lead  to  clearer  views  of  the 
whole  subject.  One  conclusion  which  must  strike  every  one,  and 
on  which  the  writer  of  this  notice  has  long  insisted,  is  that  the 
arboreal  vegetation  of  the  Coal  period  must  have  been  much  more 
varied  than  has  been  usually  supposed ;  and  that  while  we  have 
no  doubt  been  instituting  many  unnecessary  species  for  mere  frag- 
ments, we  have  on  the  other  hand  been  forcing  into  unnatural 
union  very  diverse  forms,  by  trusting  to  merely  external  charac- 
ters. J.  W.   DAWSON. 

2.  Merit  airs  of  the  Geological  Survey  of  Kentucky^  N.  S. 
Shal?:r,  Director.  Vol.  I,  334  pp.  4to.  1876. — This  first  volume 
of  the  publications  of  the  Geological  Survey  of  Kentucky,  con- 
tains four  Memoirs. 

The  first  is  on  the  Antiquity  of  the  Caverns  and  Cavern  life  of 
the  Ohio  valley,  and  is  by  Prof.  Shaler.  We  learn  from  it  that 
in  the  Mississippi  valley,  while  the  limestone  of  the  Cincinnati 
grou])  contains  a  few  true  caverns,  far  the  larger  part,  and  the 
largest,  occur  in  the  Subcarboniferous  limestone.  In  Kentucky, 
this  limestone  has  an  average  thickness  of  160  feet  and  the  cav- 
erns are  exceedingly  numerous;  the  author  states  that  the  length 
of  the  underground  channels  in  this  rock  accessible  to  water  is 
many  tens  of  thousands  of  miles ;  and  he  thinks  it  no  overstate- 
ment to  say  that  there  are  at  least  100,000  miles  of  open  caverns. 
Owing  to  these  channels,  the  traveler  may  journey  for  fifty  miles 
over  many  parts  of  this  limestone  region  m  the  wet  season  and 
meet  with  no  running  water.  In  the  histoiy  of  the  caverns  a 
firm  bed  of  limestone  has  often  held  the  streams  for  a  long 
period,  and  thus  a  tier  of  caverns  has  been  made ;  and  then,  this 
bed  becoming  worn  through,  the  waters  have  descended  and  com- 
menced work  at  a  lower  level,  and  so  successive  tiers  have  re- 
sulted. Prof.  Shaler  observes  that  the  most  surprising  feature  in 
the  architecture  of  these  caverns  is  the  existence  of  great  "  domes" 
or  wells  which  often  rise  in  a  single  sweep  from  the  lowermost  to 
the  uppermost  level  of  the  caves  ;  and  which  are  due  to  a  fall  in 
the  course  of  an  underground  stream  that  originated  in  the  early 
history  of  the  cavern.  Often  a  "  sink-hole"  opening  to  the  light 
begins  the  vertical  channel.  Thus  vertical  channels,  and  lofty 
domes,  tiers  of  great  caverns  along  successive  levels  communicat- 
ing with  one  another  by  the  channels  and  domes,  with  streams 
varying  from  still  pools  to  high  waterfalls  and  using  pebbles  for 
abrasion  in  the  lower  portions,  are  the  principal  elements  of  these 
caverns.  The  massiveness  of  the  limestone  favored  the  formation 
of  great  caverns,  and  this  massiveness  Prof.  Shaler  attributes  to 
its  having  been  formed  chiefly  of  crinoidal  remains.     The  great 
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profnsion  of  crinoids  and  the  enormous  area  of  the  Carboniferoas 
indicates,  he  remarks,  a  wide,  warm,  and  comparatively  shallow 
(the  Molluscan  remains  being  quite  large)  sea,  its  waters  richly 
charged  with  carbonate  of  lime. 

Prof.  Shaler  discusses  at  length  the  age  of  the  caverns  and 
states  as  his  conclusion  that  probably  "  while  some  caverns  may 
have  existed  in  the  Mississippi  valley  long  before  the  Tertiary 
period,  their  great  development,  with  the  consequent  chances  of 
organic  life  finding  its  way  into  cavern  conditions,  is  a  very  re- 
cent event." 

The  second  memoir  is  Pro£  J.  A.  Allen^s  able  paper  on  the 
American  Bisons,  living  and  extinct,  already  noticed  on  page  75 
of  this  volume. 

The  third  is  by  Prof.  Shaler  and  is  the  first  of  a  series  on  the 
fossil  Brachiopods  of  the  Ohio  valley.  The  author,  in  this  paper, 
takes  up  the  very  important  question  of  amount  of  variation  in 
some  of  the  more  variable  species,  and  presents  tables  of  measure- 
ments, in  addition  to  detailed  remarks  on  the  different  characters 
and  the  distribution  of  the  species.  For  example,  under  Orthis 
occidentalism  measurements  ot  40  specimens  from  a  number  of 
localities  are  given,  including  dimensions  as  to  length  and  width 
of  shell,  length  of  hinge-line  and  of  muscular  impression,  width 
and  heig^ht  of  foramen,  and  other  points.  The  memoir  is  there- 
fore an  important  contribution  to  tne  subject  of  the  variation  of 
species.  These  variations  are  wonderfully  great  in  many  cases. 
Thus  in  the  above  species  the  proportion  in  length  to  width  varies 
from  1  : 1'06  to  1 :  1*50.  This  article  is  illustrated  by  seven  plates, 
prepared,  like  other  plates  of  the  volume,  by  the  autotype  process, 
which  avoids  all  error  of  drawing ;  and  it  is  stated  by  the  author 
that  be  first  bedded  the  specimens  in  white  sand,  thereby  doing 
away  with  the  shadows  which  make  one  of  the  difficulties  in  prop- 
erly taking  a  photograph  for  this  process. 

The  fourth  memoir,  by  Mr.  Lucian  Carr  and  Prof.  Shaler,  treats 
of  the  prehistoric  remains  of  Kentucky.  It  contains  a  very  judi- 
cious discussion  of  the  value  of  the  remains  in  N  orth  America  as  a 
measure  of  time,  together  with  other  interesting  descriptive  and 
historical  matter,  and  notes  on  the  source  of  the  material  of  the 
implements,  and  on  their  distribution  in  Kentucky.  It  is  illus- 
trated by  seven  plates,  containing  autotype  reproductions  of 
arrow  heads,  pipes  and  other  articles. 

This  last  paper  is  to  be  continued  in  the  second  volume  of  Me- 
moirs, which  volume  will  contain  also,  as  announced  in  the 
Preface,  the  following  additional  memoirs:  on  the  Fossil  Corals 
of  Kentucky,  on  the  Fossil  Brachiopods  of  the  Ohio  Valley,  and 
on  the  Dynamic  Geology  of  Kentucky,  by  Prof.  Shaler  ;  on  the 
Cavern  Animals  of  Kentucky,  by  A.  8.  Packard,  F.  A.  Sanborn 
and  others;  on  the  Cavern-dwelling  Kaees  of  Kentucky,  by  F.  W. 
Putnam;  a  history  of  the  Investigation  of  Cavern  Animals,  by 
Dr.  H.  A.  (Iagen. 

The  Memoirs  published  by  the  Survey  on  purely  scientific  sub- 
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ject8,  like  those  mentioned  above,  will  make  a  series  of  publica- 
tions distinct  from  chapters  on  economical  matters.  The  Preface 
states  that  the  Memoirs  may  be  purchased  separately  or  in  vol- 
umes at  the  office  of  the  Survey  in  Frankfort,  Kentucky. 

3.  Report  of  a  Reconnaisance  fro'n  Carroll^  Montana  Territory^ 
on  the  Upper  Missouri  to  the  Yellowstone  National  Park^  «nrf 
ret»trn^  made  in  the  summer  of  1875;  by  Wm.  Ludlow,  Captain 
of  Enpneers,  Brevet  Lieut.  Colonel  XJ.  S.  Army,  Chief  Engmeer 
Department  of  Dakota.  Being  Appendix  NN  of  the  Annual 
Report  of  the  Chief  of  Engineers  for  1876.  142  pp.  8vo.  1876.— 
The  report  of  Colonel  Ludlow  gives  excellent  descriptions  of  the 
topographical  features  of  Montana  and  the  region  beyond  traversed 
by  his  expedition,  with  notes  also  on  routes,  ca&ons,  the  geysers 
of  the  Yellowstone  Park,  and  many  other  subjects  of  interest. 

The  volume  also  contains  a  Zoological  Report  by  Geobgb  Bibd 
Grivnrli^  which  is  an  annotated  Catalogue  of  Mammals  and 
Birds,  and  a  Geological  Report  by  Messrs.  Edward  S.  Dana  and 
G.  B.  Grinnell.  The  subjects  treated  of  in  the  last-mentioned 
report  are  the  alluvial  deposits  of  the  Upper  Missouri ;  the  Creta- 
ceous at  Carroll  and  beyond ;  the  Judith  Mountains,  where  were 
beds  of  Cretaceous  age,  and  the  trachytic  "Cone  Butte,"  a  conical 
hill,  about  3,400  feet  in  elevation  above  the  level  of  the  Missouri 
River,  the  average  height  of  the  Judith  Mountains;  the  vicinity 
of  the  Moccasin  Mountains,  whose  appearance  '^  indicated  that, 
like  the  Judith  Mountains,  they  are  largely  trachytic;"  the 
vicinity  of  Camp  Lewis,  where  the  beds  were  reddish  clays  and 
shale,  and  probably  Cretaceous;  the  west  end  of  the  Judith 
Mountains,  in  which  limestone  bluffs  containing  Carboniferous 
fossils  were  visited;  the  region  beyond  to  Camp  Baker,  passing 
over  Carboniferous  limestone  in  Musselshell  Canon,  dipping  50 
to  60°  to  the  south  of  west,  which,  through  an  overturn,  was 
overlaid  by  Lower  Silurian  (Primordial  ?)  strata,  and  finding  the 
central  portion  of  the  Little  Belt  Mountains  to  consist  of  trachyte; 
Camp  Baker  and  beyond  toward  Fort  Ellis,  where  occurred, 
besi<les  the  prevailing  Miocene  beds  (containing  remains  of 
Oreodon^  Rhhioceros^  etc.),  a  limestone  of  Primordial  age,  afford- 
ing an  Oholelht^  and  new  species  of  Trilobites  of  the  genera 
Arionellvs  and  Crept cephalvs^  along  with  red  shales  and  quartzyte 
of  the  same  age  ;  the  Bridger  Mountains,  having  Cretaceous  beds 
on  the  east,  next  Jurapsic  (red  bands,  with  Jurassic  fossils),  and 
then  Carboniferous  limestone  at  the  summit,  with  older  rocKS  on 
the  west,  having  in  places  a  reversed  dip;  the  geysers  of  the 
Yellowstone  Park. 

The  occurrence  of  a  Miocene  Lake  Batiin  in  the  vicinity  of 
Camp  Haker  is  the  subject  of  an  article  by  the  authors  in  vol.  xi 
of  this  Journal  (p.  126).  The  Cretaceous  formation  underlaid  the 
prairie  along  nearly  all  the  route  followed.  The  most  prevailing 
mr^niber  was  No.  4,  of  Meek  and  Ilayden,  or  the  Fort  Pierre 
Clays.  But  besides  this,  No.  5,  or  the  Fox  Hills  Group,  was 
observed  at  several  points,  and  No.  0,  or  the  Fort  Union  Group, 
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it  the  mouth  of  the  Judith  River,  overlying  No.  6,  where  the 
>ones  of  a  Hadrosawnis  were  obtained. 

The  new  species  of  fossils  collected  are  described  by  R.  P. 
WTiitfield,  and  figured  on  two  plates.  The  trilobites  above 
referred  to  are  named  by  him  Crepicephalus  (Loganellus)  Man- 
kinensis  and  Arionellus  tripunctatus.  He  also  describes  the  fol- 
iowine  new  species  of  Jurassic  age  from  the  Hridger  JSiountains: 
Oryphcea  plano^onvexa^  Gervillia  sparsalirata^  Myalina  ( Ger- 
fiiUia)  perplana;  also  a  new  Pinna  from  the  Carboniferous  of  the 
Musselshell,  P.  LucUovL 

4.  The  TeUotostone  National  Park  and  the  Mountain  regions 
7^  portions  of  Idaho,  Nevada,  Colorado  and  Utah,  Described 
bjVrot  F.  V.  Hatden,  Geologist-in-charge  of  the  U.  S.  Govern- 
ment Exploring  Expeditions  to  the  Yellowstone  Valley,  and  of 
the  TJ.  S.  Geological  and  Geographical  Survey  of  the  Territories. 
Dlustrated  by  chromo-lithographic  reproductions  of  Water-color 
sketches  by  Thomas  Moran,  Artist  to  the  Expedition  of  1871. 
Fifteen  plates  in  large  folio,  with  text  by  Prof.  Hayden.  Boston. 
1876.  (L.  Prang  &  Co.) — This  volume  of  colored  sketches,  illus- 
trating some  of  the  most  striking  points  in  Rocky  Mountain 
scenery,  is  magnificent  in  scale  and  beautiful  in  execution.  Mr. 
Moran  is  well  known  for  his  fine  landscapes ;  and  it  is  fortunate 
that  such  a  painter  has  been  over  the  wonderful  Yellowstone  re- 
pOD  with  his  pencil.  The  colors  of  the  landscapes  will  be  thought 
too  brilliant  by  those  who  have  not  visited  the  region,  and  per- 
haps in  one  or  two  cases  the  artist  has  allowed  his  feelings  in  that 
exnilarating  atmosphere  to  influence  in  some  degree  his  brush. 
But,  in  other  cases,  that  for  example  of  the  scenery  along  the  Canon 
of  the  Yellowstone,  as  we  understand  from  one  who  has  visited 
the  region,  the  colors  even  fall  short  of  the  reality.  Speaking  of 
the  variety  and  richness  of  tints  over  the  rocks  of  that  region  and 
others  adjoining.  Colonel  Ludlow  says  (in  the  Report  noticed 
on  page  228)  :  *'  Throughout  this  elevated  region  [the  Judith 
Basin],  and  more  especially  beyond  in  the  Yellowstone  Park,  we 
had  daily  occasion  to  observe  the  marked  depth  and  clearness  of 
the  coloring,  owing,  I  presume,  to  the  utter  purity  of  the  atmo- 
sphere. The  colors  of  objects  comparatively  near  by  seemed  to 
possess  an  unsurpassed  richness  and  reality ;  and  even  on  distant 
mountains,  seventy-five  or  eighty  miles  away,  while  the  tints  were 
necessarily  blended  and  their  details  lost,  they  exhibited  a  won- 
derful transparency  and  distinctness,  undimmed  by  the  haze  and 
vagueness  which  usually  obscure  such  objects."  He  thus  con- 
firms the  descriptions  which  Dr.  Hayden  and  others  have  given 
of  the  strange  variety  and  beauty  of  coloring  that  characterize 
the  rock-scenery  of  that  region,  and  not  of  that  alone  in  the 
Eiocky  Mountains.  The  subjects  of  the  landscapes  are  the  I'ollow- 
ing:  (1)  Hot  Springs  of  Gardiner's  River,  Yellowstone  National 
Park ;  (2)  The  Great  Blue  Spring  of  the  Lower  Geyser  Basin, 
JTellowstone  National  Park;  (3)  The  Castle  Geyser,  Upper  Gey- 
jer  Basin ;  (4)  Lower  Yellowstone  Range,  seen  from  the  Yellow- 
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stone  Park;  (5)  Yellowstone  Lake;  (6)  Tower  Falls  and  Sulphur 
Mountain,  Yellowstone  Park;  (7)  Head  of  Yellowstone  River; 
(8)  The  Grand  Canon  of  the  Yellowstone ;  (9)  The  Towers  of 
Tower  Falls;  (10)  The  Mountain  of  the  Holy  Cross,  Colorado; 
(11)  The  Mosquito  Trail,  Rocky  Mountains  of  Colorado;  (12) 
Summit  of  the  Sierra  Nevada;  (13)  Great  Falls  of  Snake  River, 
Idaho;  (14)  Vallev  of  Babbling  Waters,  Southern  Utah;  (15) 
The  Great  Salt  Lake  of  Utah.  As  specimens  of  chromo-lithogra* 
phy  and  of  artistic  effect,  the  plates  are  of  unusual  excellence. 

Prof  Hayden,  having  become  familiar  with  the  region  of  the 
Park  through  his  two  years  of  exploration  there,  and  also  with 
the  other  parts  of  the  mountains  in  the  course  of  his  repeated  ex- 

S editions,  was  well  fitted  to  prepare  the  text  for  this  book  of 
ocky  Mountain  landscapes. 

6.  Report  on  the  QeologicaX  JSurvey  of  Alabama^  for  1876;  by 
Eugene  A.  Smith,  State  Geologist.  100  pp.  8vo.  Montgomery, 
Alabama. — The  work  during  1876  was  confined  to  the  valley 
known  as  Roup's  Valley  and  Jones's  Valley.  The  valley  occupies 
the  summit  of  an  anticlinal  in  the  southwestern  end  of  the 
Appalachian  region,  and  has  the  coal  basin  of  the  Warrior  on 
the  west  and  that  of  the  Cahaba  on  the  east.  The  anticlinal  has 
for  the  most  part  the  beds  sloping  regularly  outward  on  the  two 
sides ;  but  in  the  southwest  extremity  the  fold  has  been  lapped 
together  and  pushed  over  toward  the  northwest,  reversing  the 
dip,  so  that  all  the  strata  dip  southeast. 

The  rocks  described  belong  to  the  Lower  and  Upper  Silurian,  the 
Devonian  and  Carboniferous  formations.  The  Lpper  Silurian  is 
represented  by  beds  of  the  Clinton  group — ^the  formation  that  in 
the  north  is  noted  for  the  presence  of  beds  of  red  lenticular  fos- 
siliferous  iron  ore.  In  Alabama  the  same  ore  occurs  in  several 
beds.  The  strata  in  Tennessee  constitute  the  Dyestone  group  of 
Professor  Safford.  Analyses  of  various  iron  ores  and  limestones 
are  given  in  the  Report. 

6.  AnnucU  Report  of  Progress  and  Results  of  the  Wleconsin 
Geological  Survey^  for  the  year  1876;  by  T.  C.  Cuamberlin, 
Chief  Geologist.  40  pp.  8vo.  Madison,  Wisconsin,  1877. — This 
report  contams  a  brief  summary  of  the  work  done  and  results 
obtained  during  the  year  1876.  It  states  that  "  a  collection  of 
20,000  or  more  fossils"  has  already  been  gathered,  many  of  them 
new  species,  and  that  this  part  of  the  work  is  in  the  hands  of  R.  S. 
Whitneld.  Among  the  facts  announced  we  learn  that  the  copper- 
bearing  series  of  Michigan,  with  its  trap,  extends  nearly  uninter- 
ruptedly across  the  northwestern  part  of  Wisconsin ;  and  in  the 
bed  of  Nemakagon  River,  numerous  masses  of  native  copper  have 
been  found,  associated  with  the  trap,  which  apparently  were  not 
far  removed  from  their  native  bed,  indicating  that  it  is  a  rich 
copper  region. 

Prof.  Irving,  one  of  the  geologists  of  the  Survey,  reports,  among 
other  things,  the  existence  of  large  quantities  of  kaolin  in  Wood 
and  Jackson  Counties. 
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7.  Report  of  the  State  Geologist  of  New  Jersey^  Professor  G. 
H.  Cook,  for  1876.  56  pp.  8vo. — This  report  states  that  the 
triangulation  of  the  State  by  the  Coast  Survey  has  been  continued 
through  the  year.  A  large  part  of  the  report  is  occupied  with 
facts  relating  to  the  subject  of  water  supply,  especially  for  Newark 
and  Jersey  City,  from  the  Passaic  River  water-shed.  Analyses 
of  the  waters  are  given,  and  some  effects  on  health  from  bad 
drainage  and  bad  water.  The  average  annual  rain-fall  deduced 
for  all  parts  of  New  Jersey  is  thirty  inches.  Of  this  it  is  estimated, 
for  the  puraose  of  the  calculations  which  follow,  that  forty  per 
cent,  or  twelve  inches,  may  be  collected  in  streams  and  reservoirs, 
— which  is  not  an  over-estimate,  since  on  the  Crotoii  water-shed 
it  has  been  found  that  sixty  per  cent  of  the  rain-fall  runs  off  in  the 
streams. 

8.  Salt  Region  of  Goderich,  Canada, — Prof.  T.  Sterry  Hunt, 
in  a  recent  article  on  this  region,  gives  the  following  section  and 
explanations. 

BOSING  WITH  DIAJHOin)  DRILL  1£B.   ATTBILL*S  WELL,   GODEBICH. 

Feet.      Total. 
Clay,  gravel,  and  bowlders, 79         79 

Dolomite,  with  a  few  thin  limestone  layers, 278  367 

limestone,  with  fossil  oorals,  chert,  and  beds  of  dolomite, . . .  273  630 

Dolomite,  with  thin  seams  of  gypsum, 246  876 

Marls,  red,  green,  and  brown,  with  dolomite  beds, 121  997 

Bocksalt;  first  bed 31  1,028 

Dolomite,  with  marls  toward  the  oase, 32  1,060 

Rock  salt:   second  bed, 25  1,085 

Dolomite, 7  1,092 

Rock  salt;  third  bed, 35  1,127 

Marl,  with  dolomite  and  layers  of  anhydrite, 80  1,207 

Rocksalt;  fourthbed, 16  1,223 

Marl  and  dolomite 7  1,230 

Rocksalt;  fifth  bed, 13  1,243 

Marls,  soft,  red  and  bluish,  with  beds  of  anhydrite, 136  1,379 

Rock  salt;  sixth  bed, 6  1,386 

Marls,  soft  green  and  gray ish,  with  dolomite  and  anhydrite, .  132  1,517 

From  the  above  section  it  will  be  seen  that  from  the  top  of  the 
marls,  which  began  at  876  feet,  we  have  641  feet  of  salt-bearing 
strata,  including  126  feet  of  solid  rock  salt,  and  that  the  base  of 
the  series,  that  is  to  say  the  magnesian  limestone  of  the  Guelph 
formation  which  underlies  it,  was  not  reached.  The  rock  salt  is 
represented  as  forming  six  beds,  but  the  second  and  third,  and 
also  the  fourth  and  fifth,  might  each  be  looked  upon  as  forming 
but  a  single  bed,  divided  in  two  by  a  few  feet  of  rock.  The  whole 
of  this  thickness  of  over  six  hundred  feet  of  strata  holds  more  or 
less  salt,  disseminated  in  small  masses  and  in  veins. 

•  The  salt  oi  the  different  beds  is  not  alike  in  purity.  That  of 
the  upper  one  is  somewhat  discolored  by  an  admixture  of  clay, 
and  would  need  to  be  refined  by  solution ;  the  same  is  true  of  the 
fourth  and  fiflh  beds,  while  the  sixth  is  pure  and  white.  The 
second  and  third,  which  may  be  considered  together  as  one  bed 
of  sixty-seven  feet  of  salt,  including  a  layer  of  seven  feet  of  rock, 
deserves  more  especial  attention.     This  great  mass  carries  at  the 
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top  about  one  foot  of  colorless  and  transparent  salt,  followed  by 
about  fourteen  feet  of  salt  slightly  discolored  in  parts  by  an 
admixture  of  a  little  clayey  matter,  and  then  by  lOf  feet  of  pe^ 
fectly  white  and  translucent  salt  of  singular  purity.  Below  tnis, 
after  seven  feet  of  rock,  succeeds  thirty  feet  additional  of  salt, 
nearly  pure,  but  clouded  in  parts  from  the  presence  of  a  little  clay. 

In  concluding,  I  may  call  attention  to  some  new  points  in  the 
geology  of  this  salt  deposit.  By  reference  to  the  Geology  of 
Canada  (1863)  and  the  geological  m^p,  it  will  be  seen  that 
Goderich  is  situated  at  the  base  of  the  Corniferous  or  Upper  Hel- 
derberg  limestone,  which  here  rests  directly  upon  a  porous  dolo- 
mite (magnesian  limestone),  su])posed  to  represent  tne  so-called 
water-lime  beds  at  the  summit  of  the  Onondaga,  as  this  salt- 
bearing  formation  has  been  named.  The  fossiliferous  limestone 
strata  Known  as  the  Lower  Helderberg,  which  in  N  ew  York  are 
interposed  between  the  salt  formation  and  the  Corniferous,  have 
not,  with  the  exception  of  the  water-lime,  been  recognized  in 
Western  Ontario.  The  upper  part  of  the  Onondaga  consists 
chiefly  of  dolomites,  and  the  lower  of  marls,  often  with  gypsum 
beds.  Analyses  of  these  rocks  will  be  found  in  the  Geology  of 
Canada,  (pages  625  and  807).  Some  of  them  yield  excellent  hy- 
draulic cements.  The  whole  thickness  of  this  formation  on  the 
Niagara  Uiver  is  from  200  to  300  feet,  but  it  increases  greatly  to 
the  northwest,  as  shown  by  our  section.  These  marls,  which  are 
mixtures  of  clay  with  magnesian  carbonate  of  lime,  are  often  very 
soft,  and  hence  are  sometimes  called  soapstonc  by  the  well-borere. 
It  is  hardly  necessary  to  say  that  they  have  nothing  in  common 
with  the  true  soapstone,  or  steatite,  with  which  Mr.  Gibson  con- 
founded them. 

A  fa(5t  of  much  interest  to  the  geologist  is  the  occurrence  below 
nearly  300  feet  of  dolomite,  of  273  feet  of  strata  in  which  pure 
limestones  prevail,  accompanied  toward  the  base  with  much  white 
chert  or  hornstone.  These  limestones,  for  about  180  feet,  or  to  a 
depth  of  529  feet,  abound  in  corals,  chiefly  species  of  ^avosites 
like  those  of  the  Corniferous  limestone.  From  these  facts  it 
would  seem  that  the  outer  ocean,  which  at  that  time  must  have 
already  contained  the  corals  of  the  Corniferous  period,  invaded 
the  area  of  the  salt  basin,  and  there  formed  the  coralline  lime- 
stones, after  which  it  was  shut  out  during  the  formation  of  the 
upper  278  feet  of  dolomite,  when  it  again  returned,  depositing 
over  the  whole  its  covering  of  Corniferous  limestone.  Geologists 
will  await  with  interest  the  result  of  a  further  study  of  the  organic 
remains  of  this  limestone,  and  as  Mr.  Attrill  proposes  to  com- 
mence the  work  of  sinking  the  shaft  in  the  spring,  an  opportunity 
will  soon  be  afforded.  The  task  of  opening  a  mine  at  this  depth 
can  scarcely  be  completed  in  less  than  two  years,  and  may  require 
a  longer  time. 

9.  Glaciers  in  the  Urals  during  the  Glacial  Era. — It  is  reported 
by  M.  Poliakoff*,  that  there  are  glacial  striae,  scratched  bowlders, 
and  moraine  deposits,  on  the  east  slope  of  the  Urals,  above  the 
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level  of  the  stratified  sand  and  gravel.  The  glacial  strisB  have  a 
southeast  direction.  A  lower  secondary  ridge,  the  last  crossed  by 
the  highway  before  Ekaterinburg,  has  many  parallel  ranges  of 
immeDse  bowlders. — Nature^  Feb,  1. 

10.  TrUobites.—Mx.  C.  D.  Walgott,  of  Trenton  Falls,  New 
Tork,  a  famous  place  for  Trenton  Trilobites,  has  succeeded  in 
finding  many  specimens  that  illustrate  directly,  or  by  sections, 
the  nature  of  some  of  the  interior  organs  of  the  species.  He 
has  detected  in  many  individuals  axial  appendages  beneath  the 
dorsal  shell.  In  Cwauru^  pl&urexavthemus  each  segment  of  the 
thorax  and  pygidium  and  the  three  posterior  of  the  head  have 
a  pair  beneath  the  axial  processes.  Those  of  the  thorax  and 
pygidium  appear  to  be  short  cylindrical  supports  for  swimming 
appendages  or  rudimentary  ambulatory  organs ;  and  those  of  the 
head  present  an  obscurely  jointed  structure.  In  the  same  species 
there  are  '^  obliquely  inclined  bars  beneath  the  pleural  lobes,  near 
the  union  with  the  free  pleurae,"  which  he  regards  as  connected 
with  branchial  appendages. '^  In  nine  of  his  sections  he  has  counted 
43  such  appendages*  The  bars  appear  to  have  had  a  fleshy  or 
muscular  support.  The  greatest  number  of  bars  seen  in  position 
belonging  to  one  appendage  is  fourteen ;  it  is  rare  to  find  them  in 
position.  Longitudinal  sections  at  the  union  of  the  pleural  lobes 
and  free  pleurse  show  the  branchial  appendages  as  rows  of  dots, 
varying  from  square  to  oblong  in  shape.  In  Calymene  senaria 
these  appendages  are  essentially  the  same  as  in  Ceraurus.  Nume- 
rous central  longitudinal  sections  of  Ceraurua  show  the  mem- 
brane covering  the  visceral  cavity  beneath  the  axial  lobe. 
AeidaspU  TVentonensis  is  closely  like  the  Ceraunis  in  the  struc- 
ture of  its  ventral  surface. 

The  ventral  surface  in  AsaphtM  platycephcUus  appears  to  have 
been  strengthened  by  arches,  which  supported  the  double  row  of 
appendages  on  each  side  of  the  central  axis.  These  are  the  arches 
which  were  suspected  to  be  legs  by  Billings. 

These  notes  are  from  a  brief  paper  by  Mr.  Walcott,  from  the 
28th  Report  of  the  New  York  State  Museum,  printed  in  Septem- 
ber last,  in  advance  of  its  publication. 

11.  Geology  and  Paleohtology  of  the  Argentine  Hepublic.  11. 
Paleontological  part;  2nd  division,  on  the  Rhetian  plants  and 
animal  remains  of  the  Provinces  of  La  Rioja,  San  Juan,  and  Men- 
doza,  by  Dr.  H.  B.  Geinftz.  16  pp.  4to,  with  two  plates. — The 
species  here  described  by  Dr.  Geinitz  are  the  fish,  tSemionotus 
MendozaensU  Gein.,  the  Crustacean,  Estlieria  Mangaliensis  Jones, 
a  species  first  described  from  Mangali  of  Nagpur  in  Central  India ; 
and  among  the  plants  there  are  the  Ferns,  Thinnfeldia  cra^ei- 
nervis  Gem.,  Th.f  tenuinervia  Gein.,  Pachypteris  Stehneriana 
G^in.,  Otopteris  Argentinica  Gein.,  Hymenophyllitea  3fendozaenei8 
Qem,y  Baiera  tcenicUa  Braun,  Pecopteris  tenuis  Schouw,  a  species 
described  originally  from  I.  Bornholm,  and  from  Whitby,  Eng- 
land, Toeniopteris  Mareyeaiaca  Gein.;  the  Cycad,  PterophyUum 

AM.  JoiTB.  8ci.— Third  Siribs,  Vol.  Xin,  No.  75.— March,  18T7. 
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Oei/nhausianum   G5pp.,  a  European   species,  and   the  Conifer, 
Palissya  Brauni  £nal.  van  minor ^  Gein. 

12.  Memoire  sur  les  Caracthres  MinercUogigyes  et  Stratigraphr 
iques  des  Roches  dites  Plutoniefines  de  la  ^elgique  et  de  PAr- 
denne  I'lran^ise^  par  MM.  Ch.  De  la  Vall&b  Poussik  et  A. 
Renard.  264  pp.  4to,  with  nine  plates,  six  of  them  containing 
colored  figures  of  thin  sections.  A  detailed  account  of  the  rocu 
referred  to,  based  largely  on  the  study  of  their  sections.  In  the 
quartxiferous  dioryte  of  Quenast,  the  authors  distinguished  cubic 
crystals  in  the  liquid  filling  minute  cavities  in  the  quartz,  and 
proved  the  crystals  to  be  chloride  of  sodium  or  common  salt. 

13.  Note  on  the  fiew  loccdities  of  the  Colunibic  acid  tuinerahy 
and  two  new  Columbates;  by  J.  Lawrence  Smith. — ^Tbe  locality 
near  Marion,  North  Carolina,  is  now  well  known,  as  furnishing 
large  and  fine  specimens  of  Samarskite.  It  was  doubted  by  some 
mineralogists  whether  or  not  it  was  true  Samarskite.  I  have  been 
able  by  chemical  analysis  to  establish  beyond  all  doubt  that  it  is 
a  very  fine  type  of  this  rare  mineral  (the  cause  of  the  doubt  I  will 
refer  to  another  time),  confirming  Mr.  £.  S.  Dana's  conclusion, 
based  on  its  crystallo^aphic  character.  In  studying  the  mineral, 
1  found  associated  with  it  three  other  columbates — one  of  them 
already  known,  viz.,  Euxenite,  and  two  new  ones.  One  is  in  the 
form  of  a  very  characteristic  mamillary  concretion,  and  contains 
sixteen  per  cent  of  water.  The  other  is  found  massive,  and  also 
in  regular  octahedrons,  of  which  a  few  have  been  found ;  it  resem- 
bles somewhat  pyrochlore,  but  differs  from  it  both  by  its  chemical 
and  physical  characteristics,  its  specific  gravity  being  4'85.  The 
latter  mineral  I  saw  about  eight  months  ago,  in  the  hands  of  Mr. 
J.  Price  Ralston,  and  then  supposed  it  was  new.  He  had  sent  a 
specimen  to  Mr.  E.  S.  Dana,  who  gives  some  of  its  characters  in 
connection  with  his  crystallograpic  description  of  Samarskite,  and 
refers  it  with  a  query  to  microlite.  Since  then  Mr.  Ralston  has 
kindly  sent  me  his  crystals,  and  I  have  now  made  out  its  nature 
thoroughly.  The  analysis  of  it  will  appear  in  a  forthcoming 
paper  on  the  American  columbates. 

in  addition  to  the  above,  I  have  discovered  embedded  in  the 
beautiful  crystals  of  Amazon  stone,  from  Colorado,  very  small, 
perfect  crystals  of  columbite. 

14.  Bulletin  of  the  Bussey  Institution,  Jamaica  Plain ^  BoBton, 
Mass.  Vol.  ii,  part  I.  80  pp.  8vo.  1877.— Among  the  papers  in 
this  valuable  bulletin  there  are  the  following  by  Prof.  F.  H. 
Storer :  on  the  amounts  of  potash  and  phosphoric  acid  in  several 
kinds  of  rocks ;  on  the  agricultural  value  of  spent  dye-woods  and 
tan ;  on  the  composition  of  buck-wheat  straw ;  on  tne  fertilizing 
power  of  roasted  leather;  notes  of  experiments  in  which  buck- 
wheat plants  were  watered  with  solutions  of  peat  in  alkalies. 

From  the  first,  treating  of  the  presence  of  Phosphates  and  Pot- 
ash in  JiockSy  we  leani  that  seven  granites,  all  from  eastern 
Massachusetts,  excepting  one  from  the  base  of  Monadnock,  New 
Hampshire,  afforded  2*587  to  7'434  p.  c.  of  potash,  and  0*068  to 
1*191  of  phosphoric  acid. 
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P,05  K,0 

tea,  eastern  Massachusetts 1*407-5 '241  0*042-0-066 

ifromDracut 4*366  0*287 

ue  slate  from  Somerville 3*875-3*913  0*085 

"               1*294  0*098 

m"  Milk  Row  Quany" 0*303  0*444 

West  Dedham 1*007  0194 

c,  with  streaks  of  feldspar,  West  Dedham  ^.          5*035  0*053 

I,  Essex,  Mass 2*384  0051 

Provincetown,  Mass 0*613  0*050 

bed  near  the  Bussey  Institution 0*891  0*035 

cshire  sand  used  for  glass  making 0*448-0*630  0-0*021 

eights  on  Long  Island. — The  following  facts  are  con- 
in  a  letter  to  Professor  James  D.  Dana,  from  Mr.  E. 
•.,  of  Brooklyn,  giving  the  elevation  and  position  of  some 
incipal  hills  upon  Long  Island.  The  range  of  hills  which 
vith  some  interruptions  through  a  considerable  portion  of 
md,  vanes  from  1 50  to  384  feet  above  tide,  and  is  of  great 
il  interest.  They  constitute  a  prominent  feature  of  the 
minal  moraine  of  the  ice  sheet  upon  this  part  of  the  ocean 
ind  afford,  as  I  have  elsewhere  shown,  data  by  which 
dilations  of  the  coast  may  be  determined.*  Indeed,  it  is 
•esence  and  position  of  beds  of  modified  drift  upon  these 
.  along  their  slopes,  that  the  extent  of  subsidence  since 
der  drift  was  deposited  can  be  made  out. 
nghts  given  are  in  part  from  the  manuscript  records  of 
ler,  kindly  furnished  by  the  Coast  Survey  office.  Others 
measurements  made  by  the  writer  and  others.  In  the 
:e  vicinity  of  some  of  the  hills  whose  heights  are  given 
s,  nearly  as  high,  forming  groups,  as  West  Hills  and  Dix 
ups  in  Suffolk  County.  With  the  heights  is  given  the 
of  each  locality  from  the  City  Hall  in  N^ew  York,  as  laid 
the  Map  of  Long  Island.  Beginning  at  the  extreme 
nd  of  the  island  we  have : 

Eleystlon. 

ik  Point, 85  feet.- 

mdHill, 194   "    ■ 

gue    "    135    *•      ' 

nsett"    161    "    ' 

xsk     "   140   *• 

's        "  (near  Riverhead),     293    "      ■ 

's        "   (South  of  Coram) 340   "      • 

lills,  (High  Hill  Field,  known  as  Jane's  Hill,»  354^'' 

'8  Hill,  (WheatlyV 380   " 

iryHiU,^ 260    " 

tead  Harbor  Hill,2 384  «' 

[.  Clark's  Hill,  (Manliasset),* 326  " 

iHill,  *•  * 3H2  " 

ct  Hill,  (Brooklyn), 194  "     f 

by  Coast  Survey  383  feet.  I  found  it  by  aneroid  to  be  scarcely  more 
et.  A.  J.  Spooner,  Esq.,  in  his  memoir  of  the  Hon.  Silas  Wood,  late  of 
,  says,  "  He  (Mr.  Wood),  had  the  elevation  of  Oakley's  High  Hill  Field 
ctober,  1825,  by  Mr.  Abel  Eetcham,  an  accurate  surveyor,  who  deter- 
height  to  be  354^  feet  above  the  water  level  of  the  Sound."     The 

Journal  for  March,  1877.     Popular  Science  Monthly,  Feb.,  1877. 
Q  U.  8.  Coast  Survey. 
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survey  he  states  was  recorded  in  the  Town  Becords  of  Hontington.    It  is  possible 
that  in  transcribing,  363  feet  maj  have  been  mistaken  for  383  feet 

'  The  heights  of  ihis  great  mound  of  unmodified  drift  is  not  satisfactorilj  deter- 
mined.   The  height  given  is  nearly  correct. 

*  Measured  from  half-tide  level  by  Hon.  Stephen  Tabor,  of  RoelyiL 

*  Heights  determined  by  George  B.  Brainerd,  Esq.,  Engineer  in  the  Brod^yn 
Water  Department,  and  by  the  writer. 

From  the  hills  mentioned,  and  from  others  of  the  range,  exten- 
sive views  may  be  had,  and  the  contour  of  the  island  tbronghoiit 
its  entire  breadth  studied  to  great  advantage.  A  striking  feature 
observed  is  the  vast,  nearly  level  plain  which  extends  from  the 
foot  of  the  hills  southward  to  the  Great  South  Bay.  At  a  distance 
of  from  one  to  two  miles  from  the  foot  of  the  hills  the  following 
elevations  above  tide  were  determined  by  early  surveys,  for  the 
Long  Island  Railroad.     I  quote  from  Prime's  History  as  follows : 

1.  Bedford,  ^  the  city  of  Brooklyn), 73  feet 

2.  Jamaica, 40  ** 

3.  Mineola, 103  " 

4.  Hicksville, 142  " 

6.  Farmingdale, 63  " 

6.  Suffolk  Station, 90  " 

1.  Medford, 82  " 

8.  Riverhead, 32     " 

9.  Southold, 40     " 

The  average  elevation  of  the  "  Plains,"  so-called,  along  the  line 
of  the  railroad,  is  therefore  about  70  feet.  Northward  of  the  bills, 
extending  to  the  Sound,  the  surface  is  uneven,  and  no  general 
topographical  survey  of  it  has  been  made.  We  have,  however, 
the  elevations  at  several  points.  Some  of  these  exceed  2(h)  feet, 
and  an  estimate  of  the  general  elevation  of  the  surface  formerly 
made,  of  from  130  to  160  feet,  is  not  far  from  correct. 

III.  Botany  and  Zoology. 

1.  Dextrorse  and  Sinistrorse:  Which  is  right  and  which  is  left, 
as  applied  to  twining,  overlapping  in  flower-buds,  and  course  of  the 
spiral  in  phyllotaxis  ?  There  are  two  opposite  ways  of  regarding 
it ;  according  to  one  a  hop-vine  turns  to  the  left,  according  to 
the  other,  to  the  right ;  and  authorities  and  usage  are  divided. 
Uniformity  is  most  desirable,  and  this  seemed  to  be  secured  when 
the  view  taken  by  Linnaeus  was  adopted  by  the  elder  DeCandolle 
and  followed  "by  Mohl,  Palm,  A.  Braun,"  AlpL  DeCandolle, 
"  and  other  observers."  Still  the  opposite  view  is  now  coming  in, 
and  if  it  should  prevail  against  such  an  array  of  authority  it  must 
be  because  it  proves  more  convenient  and  sensible  in  practice. 
From  an  article  in  the  Gardeners'  Chronicle  for  January  18,  last, 
we  learn  that  the  subject  was  taken  up  by  M.  Alph.  DeCandolle 
(whose  judgment  would  always  be  much  deferred  to)  at  a  recent 
meeting  of  the  Botanical  Society  of  France.  As  we  have  seen  no 
report  at  first  hand,  we  make  the  following  extract  from  the 
Gardeners'  Chronicle.  It  purports  to  represent  the  view  and  the 
reasoning  of  another  excellent  botanist,  A.  Braun : 
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"  Professor  Braun  remarks  that  the  best  way  to  follow  in  de- 
tennining  the  direction  of  the  spiral  is  to  follow  the  indication  of 
the  object  itselfl  It  is  the  animal  or  plant  which  ascends  or  de- 
scends, or  goes  to  the  right  or  the  left.  Again,  in  the  case  of  an 
animal  the  position  of  an  observer  is  of  no  consequence.  We  can 
distinguish  the  right  and  left  sides  of  the  animal,  not  from  our 
poBition  in  relation  to  it,  but  according  to  the  conformation  of  the 
animal  itself  The  animal  cannot  speak  to  us  and  tell  us  which  is 
his  left  and  which  his  right  flank,  but  we,  speaking  animals,  are 
able  to  do  so." 

That  is  to  say,  the  animal — or  rather  the  vertebrate  animal — 
baTinff  front  and  back,  has  consequently  a  right  side  and  a  left. 
But  the  stem  of  a  plant  has  none  of  these  relations,  neither  front 
nor  back,  therefore  neither  right  nor  left.  When  we  predicate 
right  or  left  of  a  stem,  or  of  a  flower-bud,  obviously  it  is  the  right 
or  left  of  a  viewing  person.  DeCandolle's  illustrations  concede 
this,  although  that  of  Braun  ignores  the  distinction.  When  *'  in 
the  ease  of  a  river  the  universal  practice  is  to  call  the  left  bank 
that  to  the  left  hand  of  an  observer  supposed  to  be  following  the 
natural  onward  course  of  the  stream,'*  this  is  because  it  is  more 
natural  to  go  with  the  current,  and  it  is  the  traveler's  not  the 
river's,  right  that  is  designated.  So  the  difference  between  the 
two  schools  in  the  case  in  hand  resolves  itself  into  the  position 
which  the  observer  is  supposed  to  occupy.  "  M.  DeCandolle," 
following  LinnBBus,  "  supposes  himself  in  the  center  of  the  coil " 
in  the  case  of  a  twining  stem.  Bentham  and  Darwin  suppose 
themselves  on  the  outside, — a  more  feasible  position,  as  it  seems 
to  as,  and  its  naturalness  is  recognized  by  the  mechanic,  who 
everywhere  regards  the  common  screw  as  a  right  handed  screw, 
and  that  in  which  the  spiral  rises  towards  the  left  of  the  outside 
observer  as  a  left  handed  screw.  If  this  is  the  natural  way  to  look 
at  a  screw,  why  not  the  natural  way  to  look  at  a  twisted  stem,  or 
a  coiled  stem?  Wherefore  we  conclude  that  this  way  of  regard- 
ing the  case,  as  practiced  by  Bentham  and  Darwin,  is  coming  into 
TOgne  in  spite  of  Linnasan  authority,  on  account  of  its  intrinsic 
reasonableness  and  convenience.  a.  g. 

2.  A  Botanical  Necrology  of  1876. — The  list  is  headed  by  the 
distinguished  name  of 

Adolphb  Theodore  Brongniart,  who  died  in  January,  1876, 
just  when  he  had  completed  the  75th  year  of  his  age.  '^Ine  long 
list  of  his  publications  began  in  the  year  1 820,  and  was  inter- 
rupted only  at  his  decease,  his  latest  communications  to  the  Acad- 
emy of  Sciences  and  to  the  Botanical  Society  of  France  being  in 
the  year  1875.  Some  interesting  investigations  in  fossil  botany, 
which  were  in  hand  when  he  succumbed,  are  left  unfinished.  The 
Bulletin  of  the  Botanical  Society  of  France,  under  date  of  Feb. 
25,  contains  the  touching  and  instructive  funeral  discourses  pro- 
nounced by  his  colleagues  Duchartre,  Decaisne,  Bureau,  Jour- 
dain,  Chatin,  and  others. 

John  Joseph  Bennett,  the  associate  of  Robert  Brown  in  all 
the  latter  part  of  his  life,  and  his  successor  as  keeper  of  the  Her- 
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baria  of  the  British  Museum,  up  to  the  close  of  the  year  1 870,  wa« 
born  January  8,  1801,  and  died  Feb.  29,  .876.  He  was  one  of 
the  best  and  most  amiable  of  men,  one  of  the  most  learned  and 
the  most  modest ;  and  his  writings,  like  those  of  his  master,  Rob- 
ert Brown,  have  an  importance  greatly  exceeding  their  number 
and  pretension.  There  is  a  biographical  notice  in  Trimen's  Jour- 
nal of  Botany,  with  a  good  portrait. 

Chbistian  Gottfried  Ehrexbbbo,  whose  death,  on  the  22d  of 
June,  At  the  age  of  82,  was  duly  announced  in  this  Journal,  must 
also  be  counted  among  the  botanists,  against  his  early  convictions 
as  respects  his  life-long  work  upon  the  Diatomacete,  and  some  of 
his  earliest  papers  relate  to  Phanerogamic  Botany.  His  earliest 
botanical  paper  bears  the  date  of  1 820. 

Lkopold  FttcKEL,  the  Mycologist,  author  of  the  classical  Fungi 
Rhenani  Exsiccati,  died  at  Vienna,  May  8,  1876. 

Edwabd  Newman,  who  died,  near  Loudon,  June  12,  1876,  at 
the  age  of  75,  was  better  known  as  a  zoologist  than  as  a  botanist, 
but  is  to  be  remembered  among  the  botanists  and  amateurs  for  his 
well-known  History  of  British  Ferns,  which  has  passed  through 
four  editions,  and  as  the  principal  editor  of  the  Phytologist,  from 
1841  to  1854. 

Joseph  Carson,  M.D.,  long  the  professor  of  Materia  Medica  in 
the  University  of  Pennsylvania,  died  at  Philadelphia,  December 
30,  at  the  age  of  68.  He  was  an  active  general  botanist  in  his 
earlier  years.  Later  his  attention  in  this  line  was  mainly  directed 
to  the  history  of  medicinal  plants,  especially  those  of  Americ4i. 
In  lore  of  this  kind  he  had  no  superior,  at  least  since  the  prema- 
ture death  of  Haiibury,  and  in  tnis  country  he  leaves  no  equal. 
He  was  an  excellent  teacher,  a  firm  friend,  and  a  most  estimable 
man.  Dr.  Carson  was  one  of  a  considerable  circle  of  botanists, 
whose  acquaintance  the  present  writer  made  at  Philadelphia  more 
than  forty  years  ago,  of  which  there  is  now  only  one  survivor, 
and  he  no  longer  a  resident  of  Philadelphia.  A  good  notice  of 
Dr.  Carson  was  contributed  to  the  January  number  of  the  Bulle- 
tin of  the  Torrey  Botanical  Club,  by  its  worthy  President.  In  it 
the  portrait  of  F.  Andro  Micbaux,  which  has  for  many  years 
adorned  Dr.  Carson's  study,  is  referred  to  as  "  so  far  as  known, 
the  only  likeness  of  that  botanist  extant."  It  may  be  worth 
while  to  record,  that  the  writer  of  the  present  notice  is  the  pos- 
sessor of  a  daguerreotype  likeness  of  the  younger  Michaux,  taken 
in  Paris  a  year  or  two  before  his  death,  and  from  which  a  photo- 
graphic copy  has  subsequently  been  taken. 

WiLiiKLM  HoFMEisTER,  tiic  distinguished  vegetable  anatomist, 
successor  of  Von  Mohl  in  the  chair  of  Botany  at  Tubingen,  as  we 
learn,  died  on  the  12th  of  January  last.  a.  g. 

3.  MUiletoe  (  Viscum  album  Linn.) — MM.  Gnindeau  and  Bouton, 
in  chemical  examinations  of  the  mistletoe,  find  that  the  stem 
differs  essentially  in  composition  from  that  of  the  tree  on  which  it 
grows,  and  varies  with  the  species ;  it  contains  much  more  potash 
and  phosphoric  acid  than  its  supporting  tree  and  much  less  lime. 
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and  seems  to  live  on  the  tree  like  a  plaut  on  its  soil. —  Comptea 
jRendus,  Jan.,  1877;  Nature^  Jan.  25,  288. 

4.  Observations  on  Bhizopods,  — Prot  Leidy  stated  that  last 
July,  in  the  sphagnum  swamps  of  Tobyhanna,  Pocono  Mt.,  Mon- 
roe Co.,  Pa.,  he  noticed  an  abundance  of  a  Rhizopod  which  he 
thought  he  had  not  previously  seen,  and  which  he  at  first  sup- 
posed to  be  an  undescribed  species,  but  which  he  now  viewed  as  a 
variety  of  //yalosphenia  ligata.  From  this,  as  previously  de- 
scribed, it  differs  in  the  test  being  of  a  pale  sienna  color,  and  per- 
haps of  greater  thickness,  but  otherwise  is  like  it.  The  test  is 
compressed  pyriforra,  with  the  length  and  breadth  nearly  or  about 
equal,  and  the  thickness  one-halL  The  lateral  orders  are  ob- 
tusely rounded.  The  mouth  is  transversely  oval.  The  sarcode  is 
colorless,  and  attached  to  the  inside  of  the  test  by  diverging 
threads.  The  pseudopods  are  usually  from  two  to  three.  Aieas- 
nrements,  08  mm.  long  and  broad,  and  '036  thick,  with  the  mouth 
•02  broad  and  '008.  Others  varied  from  06  long  and  08  broad, 
to  -092  long  by  '064  broad. 

In  observing  the  Pocono  variety  of  Hyalosphenia  ligata^  and 
the  beautiful  and  well-marked  species  Hyalosphenia papilio^  he 
detected  an  important  point  of  structure  which  previously  had 
escaped  his  notice.  In  the  active  condition  of  these,  and  other 
Difflugians,  they  are  seen  with  one  or  more  pseudopods  extended 
from  the  mouth  of  the  test,  to  the  margin  of  which  the  sarcode  is 
attached,  as  well  as  by  diverging  threads  to  various  points  of  the 
interior  of  the  test,  llie  interval  between  the  body  of  the  sar- 
code and  the  interior  of  the  test  is  occupied  with  water.  The 
extent  of  the  interval  increases  with  the  increase  in  number  and 
extent  of  protrusion  of  the  pseudopods,  and  also  varies  according 
to  the  degree  of  emptiness  or  repletion  with  food  of  the  sarcode 
body.  When  the  pseudopods  are  withdrawn  into  the  mouth  of 
the  test,  the  mass  of  the  sarcode  expands  in  a  corresponding  ratio, 
and  the  threads  of  attachment  to  the  inside  of  the  test  contract 
in  length.  The  intervening  water  appears  to  be  displaced  through 
small  apertures  of  the  lateral  borders  and  fundus  of  the  test, 
which  exist  in  numbers  usually  from  two  to  half  a  dozen  or  more. 

While  speaking  of  Rhizopods,  he  would  ask  the  attention  of 
the  Academy  to  some  remarks  on  recent  observations  on  the 
habits  of  several  species  of  AmoBba. 

One  of  the  species  of  Amosba  which  he  had  most  commonly 
seen,  he  took  to^  be  the  Amoeba  verrucosa  of  Ehrenberg,  with 
which  the  A,  nalaas  of  Perty,  and  the  A.  terrieola  of  Greef,  ap- 
peared to  him  to  be  synonymous.  This  species  he  had  found  m 
many  places :  in  the  crevices  of  the  brick  pavement  in  the  yard 
attached  to  his  residence,  in  brick  ponds,  in  the  ooze  of  the  rocky 
shores  of  the  Schuylkill  River,  in  sphagnum  swamps,  in  marsh 
mud,  etc.  It  is  remarkable  for  its  sluggish  character;  and  in 
appearance  reminds  one  of  a  little  pile  of  epithelial  scales,  or 
fragment  of  dandruff  from  the  head.  Appearing  quadrately  oval 
or  rounded,  transparent,  and  more  or  less  wrinkled,  or  marked 
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with  delicate  wavy  lines ;  the  pBeudopods  rise  in  short  obtuse 
mammillary  eminences  or  wave-like  ridges,  the  summits  of  which 
are  composed  of  transparent  ectosarc,  while  the  central  portion  of 
the  body  is  occupied  by  a  thin,  pale,  diffused,  and  finely  granular 
entosarc.  This  contains  one  or  more  vesicles,  usually  one,  which 
very  slowly  enlarges,  and  then  less  slowly  collapses.  Id  addition, 
as  part  of  the  structure,  an  oval  granular  nucleus  is  sometimes 
visible.  The  food  contents  generally  appear  not  to  be  abundant, 
and  often  the  creature  appears  to  be  empty  of  food  altogether. 
The  character  of  its  food  is  the  same  as  with  other  species  of 
Amoeba.  It  not  unfrequently  feeds  on  Difflugians.  In  a  speci- 
men from  sphagnum  water,  from  Vineland,  N.  J.,  last  Augnst,  he 
observed  an  individual,  about  the  ^  of  a  millimeter,  containing  a 
DifHugia  and  a  Trinema  together.  As  observed  by  him,  the  spe- 
cies ranges  from  2V  ^^  i  ^^  &  millimeter  in  diameter. 

On  the  morning  of  August  27,  from  some  mud  adhering  to  the 
roots  of  /Sparf/anium^  obtained  the  day  previously  in  a  nearly 
dried-up  marsh,  at  Bristol,  Pa.,  he  obtained  a  drop  of  material  for 
examination  with  the  microscope.  After  a  few  moments  he  ob- 
served an  Atnceba  verrucosa,  nearly  motionless,  empty  of  food, 
with  a  large  central  contractile  vesicle,  and  measunng  ^  oi  ^ 
millimeter  m  diameter.  Within  a  short  distance  of  it,  and  mov- 
ing directly  toward  it,  was  another  and  more  active  Amceba,  the 
species  of  which  he  was  not  positive.  It  was,  perhaps,  the  one 
described  by  Dujardin  as  A.  limax^  by  which  name,  for  the  pres- 
ent purpose,  it  may  be  called.  As  first  noticed,  this  Amoeba  was 
limacifoi-m,  ^  of  a  millimeter  long,  with  a  number  of  conical  pseu- 
dopods  projecting  from  the  front  broader  end,  which  was  ^^  of  a 
mm.  wiae.  The  creature  contained  a  number  of  spherical  food 
vacuoles  with  sienna-colored  contents,  a  large  diatome  filled  with 
endochrome,  besides  several  clear  vacuoles,  a  posterior  contractile 
vesicle,  and  the  usual  granular  entosarc.  The  A.  Umax  ap- 
proached and  came  into  contact  with  the  motionless  A.  verrucoscu 
Moving  to  the  right,  it  left  a  long  finger-like  pseudopod  curved 
around  its  lower  half,  and  then  extended  a  similar  one  around  the 
upper  half  until  it  met  the  first  pseudopod.  After  a  few  moments 
the  ends  of  the  two  pseudopods  actually  became  connate  (the 
second  time  he  had  observed  this  phenomenon),  and  the  A.  verm- 
cosa  was  inclosed  in  the  embrace  of  the  A.  Umax,  The  latter 
assumed  a  perfectly  circular  outline,  and  after  awhile  a  uniformly 
smooth  surface ;  but  the  central  contractile  vesicle  remained  in 
the  same  condition,  nor  did  he  once  observe  it  enlarge  or  collapse. 
The  A,  Umax  now  moved  away  with  its  new  capture,  and  after  a 
short  time  what  had  been  the  head  end  contracted,  became 
wrinkled  and  villous  in  appearance,  while  from  what  had  been  the 
tail  end  a  number  (ten)  of  conical  pseudopods  projected.  The  A. 
verrucosa  assumed  an  oval  form,  and  the  contractile  vesicle  be- 
came indistinct,  without  collapsing.  Moving  on,  the  A,  Umax 
became  more  slug-like  in  shape,  measuring  about  f  mm.  long,  by  ^ 
mm.  broad.     The  A.  verrucosa  now  appeared  inclosed  in  a  large 
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oval  clear  vacuole,  was  constricted  so  as  to  be  gourd-shaped,  and 
had  lost  all  traces  of  its  contractile  vesicle.  Subsequently,  the  A, 
verrucosa  was  doubled  upon  itself;  and  at  this  period,  the  A. 
Umax  discharged  from  one  side  of  the  tail  end,  the  siliceous  case 
of  the  diatofue,  which  now  contained  only  a  shrivelled  cord  of 
endochrome.  Later  the  A.  verrucosa  was  broken  up  into  five 
spherical  granular  balls,  and  these  gradually  became  obscured  and 
apparently  diffused  among  the  granular  contents  of  the  entosarc 
of  the  A,  limax.  At  one  moment  the  five  granular  balls  derived 
from  the  A.  verrucosa  appeared  to  be  contained  in  three  vacuoles, 
and  the  A.  limax  had  a  more  contracted  and  radiate  form,  and 
then  measured  ^  mm.  in  diameter. 

The  observation,  from  the  time  of  the  seizure  of  the  A.  verrur 
eosa  to  its  digestion,  or  disappearance  among  the  granular  matter 
of  the  entosarc  of  the  A,  Umax,  occupied  seven  hours. 

From  naked  Amoebse,  the  test-protected  Rhizopods  were  no 
doabt  evolved,  and  it  is  a  curious  sight  to  observe  them  swal- 
lowed, home  and  all,  to  be  digested  out  of  their  home,  just  as  the 
contents  of  diatomes  are  digested.  It  was  also  interesting  to  ob- 
serve the  cannibal  Amoeba  swallowing  another,  and  appropriating 
ita  structure  to  its  own,  just  as  we  might  do  a  piece  of  flesh,  com- 
pletely, without  there  being  any  excremcntitious  matter  to  be 
voided. — Proc  Acad.  Nat.  S^i,  Philad,,  1876,  197. 

5.  Habits  of  .Formica  rufa. — Mr.  McCook,  speaking  of  the 
habits  of  Formica  rufa,  stated  that  the  ants  descending  the  tree- 
paths,  with  abdomens  swollen  with  honey  dew  (called  by  him 
R^pletes)^  were  arrested  at  the  foot  of  the  trees  by  workers  from 
the  hill  seeking  food.  Galleries  communicating  with  the  hill, 
opened  at  these  points,  around  and  in  which  numbers  of  ants  were 
huddled  engaged  in  drawing  or  bestowing  rations  of  honey-dew. 
Similar  commissary  stations  were  found  under  the  stones  near  by. 
The  replete  reared  upon  her  hind  legs,  and  placed  her  mouth  to 
the  mouth  of  the  pensioner,  who  assumed  the  same  rampant  pos- 
ture. Frequently  two,  sometimes  three  pensioners  were  thus  fed 
at  once  by  one  replete.  Apparently  the  workers  engaged  in 
building  at  the  hill  and  galleries  had  thus  resorted  to  these  feed- 
ing places  to  obtain  ordinary  food,  in  the  same  manner  that 
queens,  males,  and  young  ants  receive  it,  viz :  by  disgorgement 
from  the  abdomens  of  repletes.  The  latter  commonly  yielded 
the  honey-dew  complacently,  but  sometimes  were  seized  and  ar- 
rested by  the  pensioners,  occasionally  with  great  vigor. 

A  number  of  experiments  were  described  leading  to  the  conclu- 
sion that  there  was  complete  amity  between  the  ants  of  a  large 
portion  of  the  field,  embracing  some  l(i(K)  liills  and  countless  mil- 
lions of  creatures.  Insects  from  hills  widely  separated  always 
fraternized  completely  when  transferred.  A  number  of  ants  col- 
lected from  various  hills  fraternized  in  an  artificial  nest,  harmoni- 
ously building  galleriis  and  earing  for  the  cocoons. 

It  was  found  that  ants  immersed  in  water  when  replaced  upon 
the  hills  were  invariably  attacked  as  enemies;  the  assailants,  be- 
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ing  immersed,  were  themselves  in  turn  assaulted.  A  number  of 
experiments  were  made  which  indicated  that  the  bath  had  tempo- 
rarily destroyed  the  peculiar  odor  or  other  property  by  which  the 
insects  recognized  their  fellows. 

The  variety  of  F,  rufa  which  had  colonized  in  vast  numbers  on 
the  cliff  at  Rockland  opposite  the  steamboat  landing,  as  observed 
for  the  last  three  summers,  were  found  that  morning  to  have 
abandoned  the  place.  No  trace  of  them  could  be  seen  in  the 
vicinity.  The  crowds  of  human  beings  who  occupied  the  spot 
during  the  late  International  regatta  had  evidently  dispersed  the 
republic. — Proc,  Acad,  Nat,  JSci,  PhUad,^  1876,  p.  200. 

6.  The  Rhynchophora  of  America^  north  of  Mexico  ;  by  John 
L.  LeConte,  assisted  by  George  H.  Horn.  456  pp.  8vo,  constitut- 
ing vol.  XV  (December,  1876)  of  the  Proceedings  of  the  American 
Philosophical  Society. 

7.  .4  new  Echidna  ( Tachygiossus)  from  Neto  Ghiinea, — The 
new  species  has  its  rostrum  half  longer  (the  length  about  6*4 
inches)  than  either  that  of  the  species  ^om  southeastern  Australia 
or  that  from  Tasmania.  It  is  named  Tachyglossus  Bruijnii  by 
Peters  and  Doria  in  a  paper  published  at  Genoa. — Nature,  Jan.  18. 

IV.  Astronomy. 

1.  .1  New  Planet:  C.  H.  F.  Peters.  (From  letters  of  January 
22  and  31,  dated  Litchfield  Observatory  of  Hamilton  College, 
Clinton,  N.  Y.) — On  the  1 7th  instant,  1  saw  a  planet  unknown 
to  nic  in  the  position  approximately  of  8'»  34"*  55«  of  R,  A.,  and 
-j-l7°  52-7'  Dec!. ;  but  the  weather  thickened  so  that  an  accurate 
position  could  not  be  obtained  before  last  night,  when  at  ten 
o'clock  the  stranger  was  in  8^'  SO""  20*  of  R.  A.,  and  -fl  7*"  42'  DecL 
(the  reductions  having  not  yet  been  fully  conopleted).  Hence 
the  motion  was  in  four  days  4"*  35*  and  —  1 1'.  The  magnitude  I 
estimated  the  11th.— (I^etter  of  Jan.  22.) 

From  LeVerrier's  BvMetin  International  of  January  12,  just 
received,  I  see  that  the  planet  I  gave  you  notice  of  on  the  22cl 
instant,  had  already  been  found  at  Toulouse,  on  January  10. 
But  through  neglect  somewhere,  the  usual  notification  by  tele- 
graph,— as  has  been  customary  between  European  and  American 
astronomers  during  recent  years,  and  for  which  the  Atlantic  Cable 
Company  has  made  a  liberal  concession, — has  not  reached  us. 

I  communicate  two  more  observations, — all  that  weather  and 
moonlight  have  permitted  since  the  21st, — each  from  ten  compari- 
sons with  stars  well  determined  : 

1877.  Meantime.  a(l70).  cJ(l70). 

Jan.  23.  9»'  50'"  45"  8»^  27"^  59-40»      +17^  36'  24-8' 

"     26.  llM8'"6r  8*^24™23-42»      +17°  26' 16'0' 

— (Letter  of  January  31.) 

2.  Instruments  and  Publications  of  the  U,  8.  Naval  Ohsenfa- 
tort/.  Rear  Admiral  C.  H.  Davis,  Superintendent.  Washington, 
1845-1876.     Published  by  authority  of  the  Hon.  Secretary  of  the 
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Navy.  44  pp.  4to,  with  six  plates. — After  a  brief  account  of  the 
foundins  oi  the  Observatory,  its  library,  and  its  position,  the 
several  instruments  are  described,  the  Mural  circle  and  Transit  in- 
strument mounted  in  1844,  the  Prime  Vertical  Transit  Instrument 
and  9*6  inch  Equatorial  mounted  in  1846,  the  Transit  circle 
mounted  in  1865,  and  the  26-inch  Equatorial  mounted  in  1873, 
and  to  the  descriptions  are  added  heliotype  representations  of 
the  instruments. 

8.  Note  of  the  recent  faU  of  three  Meteoric  Stones^  in  Indiana, 
Missouri^  and  Kentucky ;  by  J.  Lawrence  Smith,  Louisville, 
Ky.  (Communicated.) — Three  meteorites  were  seen  to  fall  inside 
of  a  comparatively  small  rec^ion  of  the  United  States  within  the 
space  of  about  one  month.  These  falls  were  accompanied  by  some 
interesting  phenomena,  and  in  the  case  of  the  fall  of  the  twenty- 
first  of  December,  the  appearance  of  the  bolide  irom  which  it  came 
was  truly  magnificent,  and  was  seen  over  a  large  tract  of  country, 
from  west  to  east.  My  object  at  the  present  time  is  simply  to 
announce  these  falls,  reserving  for  a  future  communication  fuller 
details,  when  I  have  completed  their  chemical  and  mineralogical 
examinations.  I  will  then  call  attention  to  an  interesting  a^rolitic 
belt  in  this  country,  in  which  a  very  large  number  of  meteorites 
have  fallen  during  the  past  sixteen  years. 

No.  1,  fell  on  December  twenty-first,  1876,  at  8*^,  40"*,  p.  m.  This 
remarkable  bolide  was  seen  to  pass  over  the  States  of  Kansas, 
Missouri,  Illinois,  Indiana  and  Ohio — a  distance  from  east  to  west 
of  about  800  miles.  It  burst  into  numerous  fragments  during  its 
passage,  producing  "  a  flock  of  brilliant  balls,  chasing  each  other 
across  the  sky,  the  number  being  variously  estimated  from  twenty 
to  one  hundred."  The  passage  of  it  is  described  in  this  Journal 
for  February,  1877.  A  piece  from  this  bolide,  of  a  few  ounces  in 
weight,  has  been  found  near  Rochester,  in  Indiann,  latitude  41*"  8', 
longitude  86*  12',  and  I  have  received  a  portion  of  it  for  examina- 
tion.* 

No.  2.  On  January  third,  1877,  at  sunrise,  in  Warren  County, 
Missouri,  latitude  38"  50',  longitude  91°  10',  the  usual  phenomena 
accompanying  the  falls  of  meteorites  attracted  the  attention  of 
several  observers,  who  saw  the  stone  strike  the  branch  of  a  tree, 
(which  it  broke),  then  fall  to  the  ground,  penetrating  it  slightly, 
and  melting  the  snow  that  lay  on  its  frozen  sui-face.  It  was  ))ieked 
up  immediately  after,  and  a  portion  of  it  has  been  sent  to  me  for 
examination. 

No.  3.  On  January  twenty-third,  1877,  in  the  afternoon,  a  few 
miles  north  of  Cyntheana,  Ivy.,  latitude  Ss®  25',  longitude  84°  15', 
a  meteoric  stone  was  seen  to  fall,  accompanied  by  great  atmos- 
pheric disturbance,  penetrating  the  ground  to  the  depth  of  thirteen 
inches.  There  was  an  observer  on  the  ground  near  the  spot  where 
it  fell,  and  he  immediately  dug  it  up.  It  weighs  about  fifteen 
pounds. 

Looisville,  Ky.,  February  6. 

*  This  is  the  meteorite  which  is  the  subject  of  Professor  C.  U.  Shepard's  article, 
on  page  207. 
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V.  Miscellaneous  Scientific  Intelligence. 

1.  Topographical  Sum^eg  of  the  State  of  New  York. — As 
annoanced  in  a  former  volume  of  this  Journal,  this  survey  was 
commenced  last  year,  under  Mr.  James  T.  Gardner  as  Director. 
This  event,  which  had  been  recommended  by  the  Geographical 
Society  of  New  York,  appeared  to  be  a  promise  that  topographi- 
cal surveys  were  now  to  be  carried  on  over  the  country  which 
would  soon  put  the  nation  on  a  level  with  those  of  Europe  in  its 
maps,  and  in  its  knowledge  of  its  own  industrial  resources.  But 
the  recent  recommendation  of  the  Governor  of  New  York  threatens 
a  stop  to  the  work,  and  a  still  longer  continuance  of  faulty  maps, 
uncertain  lines  of  roads  and  boundaries,  unknown  water-pnvilegea 
and  drainage  areas,  and  general  topographical  ignorance.  A 
petition  in  favor  of  the  survey  has  been  addressed  to  the  legisla- 
ture by  the  New  York  Geographical  Society,  and  the  Faculties  of 
Columbia  College,  the  Polytechnic  Institute  of  Troy,  and  other 
institutions,  and  the  editors  of  this  Journal  hereby  send  their 
petition  to  the  same  effect. 

2.  Tour  of  the  Great  Lakes :  Summer  School  of  Natural  His- 
^ory.— Professor  T.  B.  Comstock  of  Cornell  University,  proposes 
"  if  sufficient  encouragement  be  given  prior  to  May  1,'*  to  charter 
a  steamer  for  a  period  of  four  to  six  weeks,  and  start  from  Buffalo 
or  Cleveland,  about  July  6th,  on  a  tour  along  the  shores  of  Lakes 
Erie,  Huron  and  Superior,  and  possibly  also  Lake  Michigan. 
Competent  instructors  in  geology  and  botany  are  to  be  engaged, 
and  lectures  from  specialists  are  promised.  The  prospectus  states 
that  the  expenses  will  not  exceed  %V2b  for  thirty  days  and  ^3.50 
for  each  additional  day.  The  trip  will  be  limited  to  thirty  days 
unless  a  majority  vote  of  the  pupils  decides  otherwise. 

3.  Elements  of  Phgsics^  or  Natural  Philosophy ;  by  Nkil 
Arnotf,  M  D.,  LL.D.,  F.R.S.  Seventh  edition.  Edited  by  Alex- 
ander Bain,  LL.D.,  and  Alfred  Swaine  Taylor,  M.D.,  F.R.S.  873 
pp.  8vo.  New  York,  1877.  (D.  Appleton  &  Co)— The  first 
edition  of  the  "Elements  of  Physics"  by  Dr.  Amott  appeared  in 
1 827,  and  within  four  years  from  that  time  five  large  editions  were 
called  for.  The  author  himself  died  in  March,  1874,  but  his  work 
still  lives,  with  the  same  popularity  which  it  had  on  its  first  appear-' 
ance.  Its  especial  excellence  lies  in  its  clearness  of  style  and 
fhllness  of  illustration.  Each  new  principle  is  enforced  by  many 
familiar  examples,  which  remove  the  difficulties  that  the  student 
would  be  likely  to  find  in  understanding  it  if  stated  in  a  dry  for- 
mal way.  The  book  consequently  is  throughout  eminently  inter- 
esting and  readable,  even  for  those  who  have  no  special  knowledge 
of  the  science.  Under  the  editorship  of  Professor  Bain  and  Dr. 
Taylor,  the  new  edition  of  the  work  is  made  to  include  the 
recent  advances  in  the  science. 

4.  Metric  System,  Metric  BvUetin. — This  bulletin,  the  official 
Journal  of  the  "  American  Metric  Bureau,"  is  issued  in  Boston, 
from  13  Tremont  Place.  Nos.  3  and  4  were  issued  together,  as  the 
number  for  September  and  October,  1876. 
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In  December,  a  report  was  published  by  the  Boston  Society  of 
Civil  Engineers,  from  "  the  Standing  Committee  on  the  Metric 
System  of  Weights  and  Measures,'^  ur^n^  the  general  adoption 
of  tJie  system  and  giving  various  facts  indicating  the  great  prog- 
ress which  has  been  made  in  the  country  toward  that  end. 

It  is  expected  that  the  metric  system  of  weights  will  soon  be 
exclusively  used  in  the  Post  Office  Department  of  the  country ; 
and  hoped  that  it  may  be  introduced  into  the  Custom  House,  as 
has  been  urged  for  some  time  by  the  American  Metro  logical 
Society.  These  are  the  best  first  steps  in  the  change ;  and  when 
once  carried  out,  and  teachers  do  their  duty  in  common  schools, 
the  change  may  become  general  Compulsory  for  the  people  at 
large  it  cannot  be  at  present. 

6.  lUinois  Museum  of  Natural  History.  Bulletin  No.  1.  76 
pp.  8vo. — This  first  Bulletin,  devoted  to  the  Natural  History  of 
lUinoia,  contains  the  following  papers:  A  list  of  Illinois  Crustacea, 
by  S.  A.  Forbes;  The  tree  in  Winter,  by  F.  Brendel;  Sodic 
Pinate  as  a  test  for  lime,  by  J.  A.  Sewall ;  partial  catalogue  of 
the  fishes  of  Dlinois,  by  E.  W.  Nelson;  on  parasitic  Fungi,  by 
T.  J.  Burrill ;  list  of  the  Orthoptera  of  Illinois,  by  Cyrus  Thomas. 

6.  Huronian  rocks  of  the  Lake  tSuperior  region  described  by 
Mcnor  Brooks. — ^Thin  sections  of  these  rocks,  for  microscopic  ex- 
amination, are  prepared  by  R.  Fuess,  of  Berlin,  and  may  be 
obtained  at  a  small  price.    The  collection  contains  thirty  sections. 

7.  Third  Anntud  Report  of  the  Commissioner  of  Agriculture  of 
the  State  of  Georgia^  for  1876. — Besides  various  facts  of  local 
importance,  this  report  gives  analyses  of  marls  from  different 
beos,  and  also  of  other  mineral  materials,  by  P.  H.  Mell,  chemist. 

8.  The  Applications  of  Physical  Forces;  by  Ambd&e  Guur 
LSMiN.  Translated  from  the  French  by  Mrs.  Norman  Lockyer, 
and  edited,  with  additions,  and  notes,  by  J.  Norman  Lockyer, 
F.R.S.  742  pp.  Roy.  8vo,  with  colored  plates  and  illustrations. 
London,  1877.  (Macmillan  &  Co.) — This  work  on  physics  with 
special  reference  to  its  applications,  is  an  example  of  science  well 
simplified  and  popularized.  The  editorship  of  Mr.  Lockyer  is  a 
sufficient  warrant  that  the  science  is  good.  The  style  of  publica- 
tion is  seldom  equalled  for  beauty  in  scientific  works,  the  typo- 
graphy, paper,  and  very  numerous  illustrations  being  the  best  that 
art  can  accomplish.  It  treats,  under  ''  applications  of  the  laws  of 
weight,''  of  levels,  pendulums,  balances,  hydraulic  presses,  foun- 
tains, pumps,  fire-engines,  atmospheric  railways,  compressed-air 
railways,  balloons,  etc.,  etc. ;  and  similarly  looks  to  the  practical 
under  applications  of  the  phenomena  and  laws  of  sound,  of  light, 
of  heat,  of  magnetism  and  electricity.  Under  heat,  the  art  of 
warming  is  first  treated  historically  and  practically ;  then  practi- 
cal points  arising  from  the  conductibility  of  heat,  burning  glasses, 
compensating  pendulums,  distillation,  artificial  preparation  of  ice, 
steam  engines  of  various  kinds,  steam  navigation,  the  locomotive, 
hot-air  and  gas-engines.  The  work,  therefore,  is  not  only  attrac- 
tive in  appearance,  but  also  of  real  value. 
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ScieDoe  Lectures  at  South  Kensington.  A  valuable  series  of  lectures,  published 
separately,  including:  Sound  and  Music,  by  Dr.  W.  H.  Stone;  Photography,  by 
Captain  Abney,  RE.,  F.R.S. ;  Kinematic  Models  by  Prof.  Kennedy,  C.E.  London 
and  New  York ;  Outlines  of  Field- Geology,  by  Prof.  Geikie;  The  dbsorpOon  of  U^ 
and  the  colors  of  Natural  bodies,  by  Prof.  Stokes.     1875,  1877.    (Macmillan  k  (>>.) 

Manchester  Science  Lectures  for  the  People :  What  the  Earth  is  composed  of, 
three  lectures  by  Professor  Roscoe,  F.R.S.  London  and  New  York.  1876.  (Mac- 
millan k  Co.) 

OBITUAET. 

Rear  Admiral  Charles  Henry  Davis  died  on  the  eighteenth 
of  February,  at  the  age  of  seventy  years,  having  been  bom  in 
Boston,  January  16,  1807.  Admiral  Davis  was  Superintendent  of 
the  Naval  Observatory  at  Washington  at  the  time  of  his  decease, 
and  also  one  of  the  members  of  the  Light  House  Hoard.  He  be- 
came Superintendent  of  the  "  Amencan  Nautical  Almanac"  in 
1859,  the  foundation  of  which  was  directly  owing  to  his  efforts. 
From  1842  to  1849  he  was  an  Assistant  in  the  Coast  Survey;  and 
one  result  of  his  labors,  of  groat  value  to  navigation,  was  the  dis- 
covery of  the  "  New  South  Shoal"  in  the  track  of  vessels  sailing 
from  New  York  to  Europe;  and  another  was  the  publication  of 
a  "  Memoir  upon  the  Geological  action  of  the  tidal  and  other  cur- 
rents of  the  ocean,  and  the  Law  of  deposit  of  the  flood  tide,"  pre- 
pared after  having  made  a  special  study  along  the  Atlantic  coast 
of  the  laws  of  tidal  action.  He  was  the  author  also  of  several 
able  articles  on  astronomy  and  ceodesy,  and  published  in  1858  a 
translation  of  Gauss's  "  Theoria  Motus  Corporum  CoBlestium." 

Rear  Admiral  Ciiakles  Wilkes  died  on  the  eighth  of  Feb- 
ruary, in  the  seventy-seventh  year  of  his  age.  Admiral  Wilkes, 
then  a  Captain,  commanded  the  United  States  Exploring  Expedi- 
tion around  the  world  during  the  years  1838  to  1842,  and  pub- 
lished, after  its  return,  a  narrative  of  the  expedition  in  five  volumes, 
a  hydrographic  atlas,  containing  the  maps  from  the  various  surveys 
of  the  expedition  (among  which  are  many  of  coral  islands),  and  a 
meteorological  volume.  He  was  a  bold,  daring  explorer,  a  man 
of  strong  will  and  great  energy,  sure  to  accomplish  whatever  he 
undertook.  His  sailing  up  Fort  Jackson,  the  port  of  Sydney, 
New  South  Wales,  an  intricate  narrow  bay,  seven  miles  in  length, 
one  dark  night  in  November,  1839,  without  pilot,  in  comp.iny 
with  the  Peacock,  the  other  sloop  of  war  of  the  expedition,  picking 
his  way  along  with  the  lead  and  chart,  and  coming  to  anchor  quietly 
among  the  shipping  of  that  harbor  without  arousing  a  suspicion 
of  the  foreign  invasion  in  progress,  was  one  of  his  daring  feats. 

Alfred  Smee,  the  inventor  of  "Smee's  Battery,"  for  which 
he  received  the  gold  medal  of  the  Society  of  Arts,  and  the  author 
of  works  on  electro-metallurgy,  electro-biology,  and  other  subjects, 
died  on  the  11th  of  January,  in  his  59th  year.  He  was  elected  a 
Fellow  of  the  Royal  Society  at  the  early  age  of  twenty-one,  and, 
among  his  many  offices,  was  Surgeon  to  the  Bank  of  England.— 
Nature^  Jan.  25. 

Professor  J.  C.  Poggendorff,  editor  of  the  Annalen  der  Physik 
und  Chemie  since  January,  1824,  and  long  Professor  in  the  Unive^ 
sity  at  Berlin,  died  the  last  week  of  January,  in  his  eighty-first  year. 
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Abt.  XXVI. — NoU  on  the  Sensation  of  Color;  by  C.  S.  Peibce. 

It  may,  perhaps,  be  worth  while  to  notice  a  few  coDsequences 
of  three  theories  conceruing  color  which  are  usually  regarded 
with  some  favor. 

First  hypothesis, — The  appearance  of  every  mixture  of  lights 
depends  solelv  on  the  appearances  of  the  constituents,  without 
distinction  of  their  physical  constitution.  This  I  believe  is 
established. 

Second  hypothesis. — Every  sensation  of  light  is  compounded 
of  not  more  than  three  independent  sensations,  which  do  not 
influence  one  another.  This  is  Young's  theory.  It  follows 
that,  if  we  denote  the  units  of  the  three  elementary  sensations 
by  «,y,  and  A,  every  sensation  of  light  may  be  represented  by 
an  expression  of  the  form, 

Xt+Y;+Zfc 

Third  hypothesis. — The  intensity  of  a  sensation  is  propor- 
tional to  the  logarithm  of  the  strength  of  the  excitation,  the 
barely  perceptible  excitation  being  taken  of  unit  strength. 
N^ative  logarithms  are  to  be  taken  as  zero.  This  is  Fechner's 
law.  It  is  known  to  be  approximately  and  only  approximately 
true,  for  the  sensation  oi  light  From  this  it  follows  that,  if 
Zy  y,  z  be  the  relative  proportions  of  a  mixture  of  three  lights 
'  «ffiving  the  elementary  sensations  t',y,  ^  the  sensation  produced 
by  the  mixture  is 

I  log  as.  t-f- J  log  y  .j-h  K  log  z.k^ 

where  I,  J,  E,  are  three  constants. 

From  these  principles,  it  follows  that  if  a  light  giving  any 

sensation  such  as  that  just  written  have  its  intensity  increased 

in  any  ratio  r,  the  resulting  sensation  will  be, 

JooB.  Sol— Thisd  Sbbiss,  Vol.  Xin,  No.  70.— AfbiLi  1S77. 

17 


248  C  &  Peirce — Note  on  the  Sensation  of  Colors. 

I  log  nc. t-f-J  logry.^'+K  log  rz.kz^ 
Ilogaj.t+J  logy.^'+K  log  2.^+logr  (K+J>+K*). 

Thus,  the  result  of  increasing  the  brilliancy  of  any  light  must 
be  to  add  to  the  sensation  a  variable  amount  of  a  constant  sen- 
sation, Ii-j- jy-fKA;.  And  all  very  bright  light  will  tend  toward 
the  same  color,  which  mav  therefore  be  called  the  colon'  of  bright- 
ness. Moreover,  if  the  tliree  primary  colors  be  mixea  in  the 
proportions  which  each  by  itself  is  just  perceptible,  the  sensa 
tion  produced  will  be 

logr(Ii+J;+KA;), 

and  can  only  difi'er  by  more  or  less. 

Now  I    find,  in  fact,  that  all  colors  are  yellower  when 
brighter.     If  two  contiguous  rectangular  spaces,  illuminated 
with  the  same  homogeneous  light,  uniformly  over  each,  but 
unequally  in  the  two,  they  will  appear  of  different  colora 
If  both  are  red  the  brighter  will  appear  scarlet ; 

"         *'     gree7i         **  "  yellowish; 

"         "     blue  "  "  greenish; 

*•         "     violet        **  "  blue. 

If  we  have  the  means  of  varying  the  wave-length  of  the  light 
which  illuminates  the  fainter  rectangle,  we  can  improve  the 
match  between  the  two,  by  bringing  the  fainter  toward  the 
yellow.  Such  motions  will  converge  toward  a  certain  point 
of  the  spectrum  which  they  will  never  cross, — a  point  a  little 
more  re/rangible  than  D  ana  having  a  wave  length  of  582'10~* 

o 

mm.,  according  to  Angstrom's  map.  If  both  rectangles  be 
illuminated  with  this  light,  the  fainter  appears  white  or  even 
violet,  but  if  it  be  varied  in  wave-length  with  a  view  of  im- 
proving the  match,  it  will  be  found  to  return  to  the  fe;ame  point 
with  the  utmost  precision. 

It  appears,  therefore,  that,  if  our  hypotheses  are  correct,  the 
color  log  r  (Ii-fjy+KlA;)  is  like  that  of  the  spectrum  at  A. =582, 
only  that  it  contains  less  blue  or  violet  and  is  consequently  of 
greater  chromatic  intensity. 

It  further  follows  from  Fechner's  law  that,  if  any  light  be 
gradually  reduced  in  brightness,  one  element  of  the  sensa- 
tion will  disappear  after  another ;  and  that  when  very  faint  it 
will  exhibit  only  one  primary  color,  which  is  the  one  which 
it  contains  in   greatest   proportion   relatively  to  the   projx)r- 
tiou  in  the  light  which   has  the  color  of  brightness.      Now, 
although  this  does  not  seem  to  be  exactly  the  case,  yet  we  do 
get  some  approximation  to  it     It  is  true  that  any  light  what- 
ever, when  sufficiently  faint,  appears  white,  owing  to  the  self- 
luminositv  of  the  retina.     We  cannot,  therefore,  unfortunately, 
get  sight  of  the  primary  colors  by  reducing  the  light  of  three 
parts  of  the  spectrum.     But  we  may,  as  has  often  been  sag* 
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gested,  make  use  of  the  principles  of  contrast  If  any  red  spectral 
light  be  sufficiently  reauced,  it  will  perfectly  match  any  less 
refrangible  light  We  may,  therefore,  say  that  a  faint  spectral 
red  in  contrast  with  a  bright  light  of  the  same  kind,  excites  with 
approximate  puritv  one  of  the  elementary  sensations.  The  same 
thing  is  true  of  tte  violet ;  and  therefore  a  rich  violet  may  be 
taken  as  another  primary  color.  In  my  book  entitled  Photo- 
metric BesearcheSy  the  printing  of  which  is  nearly  complete, 
I  show  reason  to  think  that  the  pure  green  has  a  wave  length 
intermediate  between  E  and  b.  A  faint  green  of  this  sort  con- 
trasted with  a  bright  one  appears  as  a  very  bluish  green,  and 
this  may  therefore  be  supposed  to  be  the  third  primary  color. 
We  have  seen  that  it  results  from  the  theory  that  an  increase 
in  the  brilliancy  of  any  light  adds  to  the  sensation  nothing  of 
the  peculiar  color  of  that  light,  but  only  a  certain  amount  of 
the  color  of  brightness.  If  this  be  the  fact,  then  the  photometric 
sensibility  of  the  eye  should  be  the  same  for  all  colors.  In 
order  to  ascertain  wnether  this  is  so  or  not,  I  have  made  a  series 
of  determinations  of  my  photometric  probable  error.  Each  de- 
termination was  based  on  twenty-eight  comparisons  of  two  parts 
of  the  same  colored  disk.  Since  there  were  two  unknown  quan- 
tities, namely,  the  relative  brightness  of  the  two  surfaces  com- 
pared, and  an  instrumental  constant,  it  follows  that  only  twenty- 
six  observations  were  eflFective  for  determining  the  probable 
error.     Let  R  be  my  photometric  probable  error  of  a  single 

comparison.     Then  the  probable  error  of  a  single  determination 

•61 
of  R  (which  we  may  denote  by  r)  would  be  — x^xR,  or  say 

t',R.  Having  made  a  considerable  number  of  such  determina- 
tions of  R,  with  different  colored  disks,  let  us  ascertain  their 
probable  error  from  their  discrepancies,  considering  them  as  so 
many  independent  observations  of  the  same  unknown  Quantity, 
and  denote  this  probable  error  by  r'.  If,  then,  R  really  is  the 
same  for  all  colors,  we  should  have 

r'  =  r, 

or,  at  least,  the  difference  should  not  exceed  p,  the  probable 
error  of  r';  which  may  be  calculated  by  the  formula 

__   '51 

where  m  is  the  number  of  sets  of  experiments  diminished  by  1. 
If,  on  the  other  hand,  R  varies  with  the  different  colors,  and 
not  merely  accidentally,  r'  should  have  a  larger  value.  The 
following  are  the  values  I  obtained  for  R,  the  sum  of  the  bright- 
ness of  the  two  surfaces  compared  being  taken  as  unity. 
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Feb.  1. 


Feb.  6.     White 

Red,  just  before  C 

Chrome-yellow,  A  2 

Red,  just  before  C 

StaatMS  emerald  green 

Carmine,  B 

Chrome-yellow,  A  1 

Purple,  Hoffmann's  violet  RRR.. 
Feb.  13.  Red,  just  before  C 

Green,  complementary  to  carmine 

Blue  violet,  No.  2 

Yellow,  A  1,  mixe.d  with  black  -. 


K.     Dtff.  from  BMUi. 

•0041  +-0001 

•0046  -f-oooe 

•0082  —  -0008 

•0040  db-OOOO 

•0046  +-0006 

•0044  +-0004 

•0087  —  •OOOS 

•0038  -  •OOO? 

•0048  +-0008 

-0084  —  -0006 

•0048  +-0008 

•0082  -  -0008 


Mean ^0040 

After  these  experiments,  the  method  of  observing  was  changed, 
and  I  obtained  the  following : 

Feb.  14.  White  window-shade,  ill.  by  sun  .  '0030  —•0002 

Brown "0030  —•0002 

Greenish  sky-blue ^ ^003 7  +  '0006 

Very  reddish  purple '0028  —  ^0004 

Yellow  orange ^0082  i^OOOO 

Feb.  15.  "Fundamental  green  of  MtUler".  -0030  —-0002 

Vermilion,  half  between  C  and  D  ^0034  +'0002 

Violet 0032  ±-0000 

Yellow -0036  4- -0002 


Mean '0032 

We  thus  get  from  the 

first  twelve  determinations,  r=-00040,  r'=^00048,  — =1-2 

r' 
last  nine  detemunations,      r^^00032,  /is'OOOlO,  — =0*6 

r' 
and  from  the  weighted  mean,  — =^96,  so  that  it  appeal's  from 

these  experiments  that  the  photometric  susceptibility  of  the  eve 
is  the  same  for  all  colors.  The  result  is,  however,  uncertain^ 
because  it  may  be  that  R  is  chiefly  due  to  other  sources  of  error 
than  the  limitation  of  sensibility  ;  still,  the  experiments  show  as 
small  a  value  of  R  as  is  usually  obtained.  I  shall  endeavor, 
by  further  observations,  to  obtain  a  conclusive  result 

A  further  consequence  of  our  hypotheses  will  be  reached  by 
differentiating  the  expression  for  a  light-sensation.     We  have 

d(I  log  a5.t-|-J  log y .y+K  log 2.A;)=— da;.Ii-| — dy.Jj-^ — dz,KIc, 

X  y  z 

Now,  as  X,  y  and  z  all  exceed  unity,  the  differential  is  greater  the 
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nearer  unity  x,  y  and  z  are.  Hence,  since  the  variation  of  the 
proportions  of  the  primary  colors  with  a  variation  of  postion  in 
the  normal  spectrum  is  uniform,*  it  follows  that  the  change  of 
color  of  the  normal  spectrum  should  be  most  rapid  about  A =582, 
as  it  of  course  is.  It  is  also  obvious  that  if  the  total  quantities 
of  the  three  colors  are  nearly  the  same  in  different  parts  of  the 
spectrum  (I  here  refer  to  these  colors  not  as  really  objective, 
bat  as  measured  in  the  usual  objective  way)  then  the  part  about 
A=582  must  be  the  brightest,  another  familiar  fact. 

I  may  observe  that  there  is  a  modification  of  our  formula  for 
a  sensation  of  light,  whichprobably  better  represents  the  rela- 
tions of  the  sensations.     Writing,  in  the  first  place, 

i=K        ^=J^*        k=^Kk 
the  formula  is 

log  aj.i+log  y-i+log  z.k. 

This  loses  its  validity  when  any  of  the  logarithms  become  neg- 
ative. If  z  is  tbe  smallest  of  the  three  quantities,  we  may  sub- 
stitute 

z  z 

and  the  formula  becomes 

log  X.i+log  Y.|+log  8(i+|-f  k). 

When  X  or  y  is  smallest  there  will  be  two  other  formulae. 
Now,  as  ihe  variation  in  the  brilliancy  of  the  light  affects  onlv 
the  last  term  of  the  last  formula,  and  not  the  first  two  dependf- 
ing  on  X  and  Y,  it  is  more  than  probable  that  the  eye  is  habit- 
uated to  separating  the  element  of  sensation  which  this  last 
term  represents,  and  which  is  continually  changing  its  values, 
from  the  rest  which  remains  constant.  It  is,  therefore,  likely 
that  the  classification  of  light  into  three  kinds,  according  as  the 
violet,  the  red,  or  the  green,  is  contained  in  the  smallest  propor- 
tion, is  one  which  has  a  relation  to  the  natural  powers  of 
discrimination. 

My  observations  have  been  made  with  an  instrument  for 
which  I  am  indebted  to  the  liberality  of  the  trustees  of  the 
Bache  Fund.  I  shall  describe  it  on  the  occasion  of  publishing 
some  work  of  a  more  serious  character.  The  colored  disks 
made  use  of  were  very  kindly  lent  me  by  Professor  Rood. 

*  I  will  show  this  in  a  note  in  the  next  number  of  this  Journal 
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Art.  XXVn. — Note  on  the  Binocular  phenomena  observed  by 

Professor  Nipher  ;  by  Joseph  LeConte. 

The  striking  phenomenon  described  by  Prof.  Nipher,  in  the 
January  number  of  this  Journal,  was  described  by  Pro£  W.  B. 
Eogei-s,  at  the  Newport  meeting  of  the  American  Association. 
1860,  and  may  be  found  recorded  in  the  14th  vol.  of  Proceedings, 
p.  197.  It  is  only  one  of  innumerable  |)henomena  which  are 
all  explicable  on  the  same  general  principles.  The  principles 
involved  have  been  so  fully  set  fortn  in  several  of  my  papers 
on  binocular  vision,  especially  in  IV,  "On  a  new  method  of 
representing  visual  phenomena,"  and  VI,  "On  so-called  images 
of  illusion,  *  that  it  is  unnecessary  to  do  more  than  briefly 
recall  them  here. 

1.  The  field  of  view  may  be  regarded  as  an  outward  projec- 
tion of  retinal  states.  As  t^ach  eye  has  its  own  retina  crowded 
with  its  own  retinal  images,  so  also  each  eye  must  have  its  own 
field  of  view  and  its  own  external  images.  There  are  therefore 
ttiX)  external  images  for  every  object.  These  may  be  united,  so 
as  to  see  the  object  single;  or  may  be  separated,  so  as  to  pro- 
duce the  phenomenon  of  double  images.  Moreover,  the  external 
images  of  different  obfects  may  also  be  brought  together  and 
superposed  at  will.  In  all  discussions  of  binocular  phenomena, 
thereiore,  it  is  absolutely  necessary  that  we  speak  not  of  objects 
but  of  external  images,  the  signs  of  objects, 

2.  In  binocular  vision  with  the  optic  axes  parallel,  as  in 
looking  at  a  distant  object,  the  whole  \tisual  field  with  all  its 
external  images  or  objects  is  shifted  by  the  right  eye  a  half 
interocular  distance  to  the  left  and  by  the  left  eye  the  same 
distance  to  the  right;  so  that  the  two  visual  lines  are  brought 
together  in  the  middle,  and  combine  to  form  a  common  median 
visual  line,  and  the  images  of  all  objects  in  these  lines  are 
brought  together  and  superposed.  This  is  the  necessary  result 
of  the  law  of  corresponding  points.  Retinal  images  of  all  ob- 
jects in  the  visual  lines  fall  on  corresponding  points,  viz:  the 
central  spots;  their  external  images  are  therefore  thrown  to  the 
same  place  in  space  and  are  therefore  superposed. 

Now,  in  the  experiment  of  Prof.  Nipher,  the  visual  line  of 
the  right  eye  passes  through  the  axis  of  the  tube  and  pierces 
the  center  of  tne  circular  visible  area  of  the  objec*.t  regarded, 
while  the  visual  line  of  the  left  eye  pierces  the  left  hand  or 
paper-sheet  or  other  object  placed  before  it,  at  a  point  distant 
about  2i  inches  (an  interocular  space)  from  the  axis  of  the  tube. 
Therefore  the  center  of  the  circular  area  regarded  by  the  right 
eye,  and  the  spot  on  the  hand  or  paper  sheet  pierced  by  the 

*  See  this  Journal,  Jan.  1871,  and  Deo.  1871. 
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left  visual  line,  by  the  law  stated  above,  are  brought  together 
and  superposed, 

Oae  thing  more  to  complete  the  explanation.  The  impres- 
sion on  the  right  eye  prevails  over  that  of  the  left — the  impression 
of  the  circular  area  obliterates  that  of  the  corresponding  spot 
on  the  hand  or  paper  sheet,  for  two  reasons ;  first,  because  the 
circular  area  is  strongly  differentiated  from  the  rest  of  the  right 
eye  field  of  view  (the  dark  interior  of  the  tube)  while  the  cor- 
responding spot  on  the  left-eye  field  is  not  thus  differentiated; 
ana  second,  because  both  eyes  are  focally  adjusted  for  the  dis- 
tance of  the  object  seen  by  the  right  eye  only.  Thus  it  comes 
to  pass,  that  the  right  eye  sees  only  the  circular  area,  the  rest  of  its 
field  being  very  dark ;  while  the  left  eye  sees  all  its  field 
except  the  spot  covered  by  the  circular  area.  But  if  an  ink 
spot  be  placed  on  the  hand  or  paper  sheet  just  where  the 
visual  line  pierces,  then  the  first  cause  mentioned  above  will  be 
removed  and  the  strongly  differentiated  ink  spot  will  be  seen 
in  the  center  of  the  circular  area. 

Berkeley,  CaL,  Feb.  7,  1877. 


Art.  XXVIIL — Revision  of  tlie  genus  Belemnocrinus^  and  de- 
scription of  two  new  species ;  by  Charles  Wachsmuth  and 
Frank  Springer. 

In  1862,  Dr.  C.  A.  White  described  a  type  of  Crinoids  from 
the  Burlington  limestone  of  Iowa  under  the  generic  name  Be- 
kmnocrinus,  of  which  he  had  discovered  only  a  single  species, 
B,  typus.  The  description,  with  a  figure,  was  published  in  the 
Proceedings  of  the  Boston  Society  of  Natural  History,  vol.  ix,  p. 
13.  Messrs.  Meek  and  Worthen  in  the  Report  of  the  Geological 
Survey  of  Illinois,  vol.  iii,  p.  463,  described  another  species,  R 
W7iifet  from  a  specimen  having  only  the  calyx  preserver  Count 
Pourtales,  in  the  Illustrated  Catalogue  of  the  Museum  of  Com- 
parative Zoology  at  Harvard  College,  No.  8,  p.  29,  has  made 
some  interesting  observations  upon  the  relations  of  Belemnocrinus 
to  the  recent  genus  Rhizocrinus^  and  further  expressed  the  opin- 
ion that  Belemnocrinus  does  not  |X)sses9,  as  Dr.  White  supposed, 
five  small  basal  plates  below  the  long  plates  which  com|X)8e  the 
greater  portion  of  the  calyx,  but  that  these  long  plates  are  them- 
selves the  true  basals,  thus  exhibiting  a  very  marked  resem- 
blance to  Rhizfjcriuus. 

A  cai'eful  examination  of  some  recently  acquired  specimens 
of  this  genus,  including  two  new  species  in  an  excellent  state 
of  preservation,  and  a  comparison  of  these  with  the  original 
specimens  heretofore  described,  afibrd  us  new  light  in  regaiti  to 
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the  structure  of  this  interesting  type  of  fossils,  and  it  enables  us 
to  confirm  the  opinion  of  Count  jPourtales,  thereby  rendering  a 
revision  of  the  generic  formula  and  description  appropriate  and 
necessary. 

A  specimen  of  R  Pourialeai,  W.  &  S.,  has  been  deprived  of 
the  column,  and  the  lower  part  of  the  cup  is  somewhat 
crushed,  in  such  a  manner  that  two  of  the  long  plates  are  sep- 
arated along  their  entire  length,  exhibiting  the  sutures  to  the 
central  perforation  which  leads  into  the  column.  The  lower 
extremities  of  these  plates  are  excavated,  forming  a  concavity 
for  the  insertion  of  the  pentagonal  column,  the  marks  of  its 
attachment  in  a  pentagonal  outline  are  plainly  visible,  thus 

S roving  beyond  the  slightest  doubt  that  these  long  plates  rested 
irectly  upon  the  column,  and  formed  with  the  first  radials,  the 
cup  which  encloses  the  visceral  cavity.  From  these  facts  it 
follows  that  the  long  pieces,  which  were  considered  to  be  sub- 
radials,  both  by  the  author  of  the  genus  and  by  Messra  Meek 
and  Worthen  in  their  description  of  B.  Whitei,  must  now  be 
designated  as  basal  plates. 

Additional  light  has  been  thrown  upon  the  construction  of 
other  parts  in  this  genus;  every  one  of  the  four  known  species 
is  furnished  with  a  strong  proboscis,  inflated  toward  the  top, 
and  resting  upon  the  single  large  anal  plate  which  is  a  part  of 
the  wall  of  the  cup.  The  exact  structure  of  the  summit  of  the 
calyx  has  not  as  yet  been  made  out,  but  the  comparatively 
massive  character  of  the  plates  which  compose  the  proboscis, 
as  well  as  the  size  of  that  organ,  render  it  altogether  probable, 
that  it  was  supported  by  a  solid  dome. 

The  arms,  as  observed  in  three  of  the  four  known  species,  are 
ten  in  number.  They  are  provided  with  long,  comparatively 
heavy  pinnules,  originating  on  the  longer  margins  of  large, 
wedge-form  joints,  which  alternate  with  other  joints  of  quad- 
rangular outline,  thus  giving  two  rows  of  pinnules,  alternately 
arranged,  to  each  arm.  In  both  of  our  new  species  these  pin- 
nules are  simple ;  while  those  of  B.  typus  are  furnished  with 
secondary  pinnules,  which  are  alternately  arranged  as  the  pri- 
mary pinnules  The  arms  of  this  genus  bear  in  proportions 
and  general  aspect  some  resemblance  to  those  of  Poteriocrirois, 
but  they  are  in  fact  widely  different.  In  PoteriocrinuSy  the 
arms  divide  upon  a  bifurcating  plate  or  joint,  into  equal  branches, 
which  rest  upon  the  upper  faces  of  this  joint ;  while  in  BeLemuo- 
crinus  the  branches  are  true  pinnules,  and  not  armlets,  they 
spring  from  the  long  latteral  margin  of  the  syzygial  joint,  not 
from  its  upper  side.  We  have  in  our  possession  a  specimen 
which  in  general  aspect  somewhat  resembles  BelemnocrinuSj  the 
elongated  basal  plates  form  here  a  cylinder  apparently  solid, 
almost  precisely  similar  to  that  of  B.  typus,  and  as  the  upper 
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portioD  of  the  calyx  is  somewhat  distorted  by  pressure,  it  was 
at  first  supposed  to  be  a  Belemnocrinus.  Upon  removing  the 
calyx  from  the  surrounding  matrix  and  arranging  the  plates  in 
their  natural  position,  it  was  found  to  possess  a  series  of  large 
8ub*radials  resting  upon  the  basals,  the  anal  plates  arranged  as  in 
Poteriocriiius,  thus  exhibiting  a  fundamental  difference  from 
BeUmnoerinus.  Careful  examination  of  the  interior  part  of  the 
cylinder  formed  by  the  basal  plajes,  showed  that  they  are  thin 
and  enclosed  a  comparatively  large  cavity,  reaching  nearly  to 
the  bottom  of  the  cup,  thus  proving  in  a  highly  satisfactory 
manner  the  value  of  the  peculiar  characters  of  Belemnocrinus. 

We  are  unable  to  agree  with  Dr.  White  in  referring  this 
genus  to  the  Cyathocrinidtz^  as  it  does  not  possess  the  general 
appearance  of  that  group,  nor  does  it  agree  in  the  generic  for- 
mula as  herein  given.  The  slender  ovoid  or  cylindrical  base, 
the  long  solid  basal  plates,  the  shallow  cavity  in  their  upper 
part,  ana  the  comparatively  small  size  of  the  visceral  cavity  are 
features  which  remove  Belemnocrinus  far  from  Cyathocrinus^  or 
any  of  its  allied  genera.  These  characters  show  its  affinities 
rather  with  the  Jurassic  genus  Apiocrinus,  to  which  in  the  con- 
struction of  the  calyx  and  inner  cavity,  it  is  more  similar  and 
seems  to  bear  a  closer  relation,  than  to  any  other  known  group. 

The  resemblance  to  the  recent  genus  Rhizocrinus^  pointed  out 
by  CJount  Pourtales,  is  very  close  and  interesting,  even  more  so 
than  he  perceived,  since  we  cannot  agree  with  him  that  the  lirst 
radials  are  movable  in  Belemnocrinus,  On  the  contrary  we  find 
them  to  be  closely  joined  with  each  other  and  with  the  anal 
plate  by  exact  sutures,  the  anal  plate  being  in  line  with  them, 
forming  the  cup,  and  supporting  upon  its  upper  face  the  heavy 
proboscis.  The  succeeaing  radials  have  sj)aces  between  the 
rays,  showing  them  to  have  been  free.  The  most  important 
difference,  and  indeed  the  only  essential  distinction  between 
these  genera  in  their  external  structure  is  found  in  the  solid 
proboscis  and  covered  dome  of  Belemnocrinus, 

As  a  result  of  the  foregoing  observations  we  give  now  the 
following  revised 

Generic  Formula. 

Basal  plates,  five;  long,  narrow,  forming  an  ovoid  to  cylin- 
drical cup,  which  is  nearlv  solid,  having  a  small  central  perfo- 
ration, and  a  shallow  subconical  excavation  at  its  upper  end, 
which  forms  a  part  of  the  visceral  cavity. 

Radial  plates,  four  to  five  X  5  ;  the  first  series  with  the  anal 
plate  joined  at  the  sutures  and  composing  a  part  of  the  cup; 
the  succeeding  radials  free. 

Anal  plate,  one ;  supporting  a  rather  long,  comparatively 
large  proooscia     Dome  covered  by  solid  plates,  arrangement 
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unknown.  Arms,  ten  so  far  as  observed.  Pinnules  long  and 
strong.     Column  pentagonal. 

As  yet  found  only  in  the  Upper  and  Lower  Burlington 
limestone.  ' 

The  following  species,  new  to  science,  have  been  discovered 
by  us: 

Belemnocrinusjhrifer,  n.  sp. 

Smaller  than  B.  tt/pus.  Column  comparatively  large,  com- 
posed alternately  of  large  and  small  joints,  the  smaller  of  which 
are  nearly  regular  pentagons,  and  the  larger  pentagonal  in  out- 
line, arched  at  the  angles,  notched  in  the  middle  of  the  sides 
making  the  column  in  general  distinctly  pentagonal,  crenulated 
transversely,  with  a  somewhat  interrupted  longitudinal  furrow 
along  the  middle  of  each  sida  To  the  sixth  and  eighth  large 
joint  from  the  base,  are  attached  radicular  cirrhi  which  originate 
in  the  depressions  or  notches  on  each  of  the  five  sides  of  the 
joint  Traces  of  other  sets  of  cirrhi  are  visible  lower  down  on 
the  column.  They  are  all  arranged  precisely  as  those  of  Penta- 
crinus  Caput- Medusae,  to  the  column  of  which  this  is  in  aspect 
strikingly  similar.  The  cirrhi  are  long,  slender,  tapering  to  the 
tips,  with  joints  longer  than  wide,  and  they  increase  in  size  as 
they  approach  the  root 

The  calyx  is  comparatively  low,  about  two  thirds  as  wide  as 
high,  ovoid  below,  turbinate  and  rapidly  expanding  above,  con- 
stricted about  the  middle,  with  a  deep  transverse  suture.  The 
five  basal  plates  are  smooth,  about  three  fourths  as  wide  as  high, 
slightly  widest  near  the  top,  forming  the  ovoid  portion  of  the 
calyx,  gently  expanding  from  the  column  outward  and  upward. 
They  are  constricted  and  abruptly  truncated  at  the  summit  and 
appear  as  a  heavy  band  around  tne  lower  part  of  a  second  cup 
which  seems  to  rest  in  this  one.  The  first  radials  are  large,  more 
than  one  half  the  size  of  the  basals,  a  little  higher  than  wide ; 
outer  surface  strongly  arched,  curving  rapidly  inward  at  their 
junction  with  each  other,  thus  forming  deep  vertical  sutures. 
They  compose,  with  the  anal  plate,  a  cup  of  conical  shape  whose 
sides  are  crenulated  or  scalloped  by  the  arching  of  the  plates  and 
the  depression  of  the  sutures,  and  the  diameter  of  which  at  the  bot- 
tom is  considerably  less  than  that  of  the  ovoid  basal  cup  beneath, 
in  which,  rather  than  upon  which,  it  seems  to  rest  The  radials 
lie  in  a  line  with  the  sutures  of  the  basals  and  rest  apparently 
upon  the  inner  edges  of  the  upper  faces  of  these  plates.  The 
upper  portion  of  this  conical  cup  in  turn  projects  outward  in  a 
rim  or  oand  enclosing  the  arm  bases,  the  arms  seeming  to  pro- 
ceed from  the  inside,  the  calyx  and  arms  thus  presenting  the 
peculiar  appearance  of  a  bouquet  of  flowers  in  a  conical  vase, 
which  in  turn  rests  in  an  egg-shaped  cup  truncated  at  the  base, 
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thus  suggesting  the  specific  Dame.  The  upper  faces  of«the  first 
radials  are  truncated,  and  upon  their  inner  edges  rest  the  free 
radials  which  are  four  in  number,  about  one-fourth  the  size  of 
the  first  radials,  a  little  wider  than  high  and  of  uniform  dimen- 
sions up  to  the  arms.  The  plates  of  this  series  are  rounded, 
strongly  constricted,  transversely  in  the  middle,  expanding  at 
their  upper  faces,  producing  a  nm  which  envelopes  the  lower 
part  of  each  succeeding  piece,  this  rim  or  wrinkle  being  rather 
thicker  and  more  prominent  at  the  lateral  margins.  The 
fourth  free  radial  is  pentagonal  in  form,  the  two  upper  faces 
forming  an  obtuse  angle  and  supporting  the  arms  which  are 
simple  throughout  their  entire  length,  thus  giving  two  arms  to 
each  ray  or  ten  to  the  species.  Arms  comparatively  very  long, 
ronnded,  tapering  very  gradually  to  the  tips,  composed  of  joints 
which  are  constricted  in  the  middle,  marked  by  strong  lateral 
wrinkles,  thickened  at  the  upper  margin  to  embrace  the  suc- 
ceeding joints  just  as  in  the  iree  radiala  In  the  lower  part  of 
the  arms,  apparently  every  third  joint,  is  a  syzygium,  wedge- 
form  in  shape,  with  quadrangular  joints  between  ;  while  in  the 
upper  part  the  joints  are  alternately  wedge-form,  and  to  the 
longer  margins  of  these  joints  the  pinnules  are  attached.  These 
syzygial  joints  are  strong,  prominent,  and  give  to  the  arms  an 
obtusely  zigzag  appearanca  Pinnules  simple,  rather  heavy, 
very  long,  directed  upward,  lying  closely  along  the  arms,  com- 
posed of  rectangular  joints  twice  as  long  as  wide,  and  of  nearly 
equal  size  throughout  their  length.  Anal  plate,  rather  large, 
Quadrangular  in  outline,  its  upper  face  in  a  line  with  the  top  of 
tne  first  radials.  From  the  inner  part  of  the  upper  truncate 
face  of  this  plate  proceeds  a  proboscis,  in  height  equal  to  three- 
fourths  the  length  of  the  arms.  The  lower  part  is  composed  of 
large  plates  nearly  equal  in  size  to  the  free  radials,  longitudi- 
nally arranged,  each  one  resting  upon  the  upper  truncate  face 
of  the  preceding  ona  Proboscis  slightly  innated,  the  upper 
part  composed  of  small  nodose  plates  irregularlj  arranged, 
while  its  summit  is  surmounted  by  a  set  of  prominent  spines 
whose  arrangement  cannot  be  exactly  determined. 

The  entire  surface,  with  the  exception  of  the  basal  plates, 
(even  the  pinnules)  is  covered  by  strong  wrinkles  which  pro- 
duce a  peculiar  carinated  style  of  ornamentation. 

This  species  is  so  well  marked,  and  so  unlike  any  other  de- 
scribed form,  that  it  may  be  distinguished  with  the  greatest 
ease.  It  differs  from  B.  typus  and  S.  Whitti  in  its  shorter 
basal  pieces,  the  extreme  size  of  its  first  radials,  and  in  the  pe- 
culiar attachment  of  the  first  radials  to  the  basals.  In  both 
these  species,  the  suture  between  the  basals  and  first  radials  is 
not  prominent,  and  the  latter  plates  form  a  continuation  of  the 
cylindrical  basal  portion,  while  in  our  species  the  depth  of  the 
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transveree  suture,  the  beveling  and  constricting  of  the  upper 
edges  of  the  basals,  gives  to  the  basal  portion  the  appearance 
of  enclosing  the  cup  which  is  formed  by  the  radials.  It  differs 
from  those  species  also  in  the  highly  arched  surface  of  the  first 
radials  and  the  deep  sutures  between  them,  which  give  to  the 
upper  part  of  the  cup  its  crenulated  aspect  Also  in  the  can- 
nated  surface.  From  B.  typus^  it  further  differs  in  the  mode 
of  attachment  of  the  free  radials  and  arm  joints,  the  rim-like 
projection  at  the  upper  face  of  each  plate,  and  in  the  strongly 
pentagonal  and  crenulated  column. 

It  differs  from  our  species  B,  Pourtalesiy  in  most  of  the  above 
particulars  and  in  the  proportionally  smaller  size  of  its  free 
radials,  in  the  succession  of  the  syzygial  joints,  and  in  the  sim- 
plicity of  the  pinnules. 

The  specimen  from  which  oifr  description  is  made,  is  in  a 
most  perfect  state  of  preservation,  showing  column,  calyx,  pro- 
boscis, and  arms,  the  calyx  being  plump  and  every  plate  ex- 
actly in  position. 

Greological  position  and  localitjr:  from  a  thin  cherty  layer 
near  the  middle  of  the  Upper  Burlington  limestone,  Burlington, 
Iowa.     Collection  of  Charles  Wachsmuth. 

Belemnocrinus  PourtcUesi^  n.  sp. 

Smaller  than  either  of  the  other  described  species.  The 
column  is  unknown,  but,  from  the  impression  of  its  attachmeut 
to  the  lower  excavated  parts  of  the  basal  plates,  it  was  evidently 
more  or  less  pentagonal. 

Calyx  low,  about  two  thirds  as  wide  as  high,  basal-cup  sub-  i 
globose,  constricted  and  truncated  above  and  deeply  excavated 
below  for  the  reception  of  the  column.  The  portion  composed 
of  the  first  radials  and  anal  plate,  being  a  little  less  in  diameter 
at  its  junction  with  the  basals,  expands  upward  and  gives  to 
the  whole  calyx  a  form  somewhat  urn -shaped. 

Basal  plates  nearly  uniform  in  size,  two-thirds  as  wide  as 
high,  slightly  widest  above,  strongly  convex  and  bulging  in  the 
middle,  being  curved  somewhat  like  the  staves  of  a  cask,  upper 
faces  nearly  truncate,  lower  faces  truncated  with  abruptly 
rounded  edges  and  excavated.  They  are  heavy  plates,  solid 
below,  leaving  only  a  small  perforation  connecting  with  the 
column. 

Radials,  four.  The  first  radials,  alternately  arranged  with 
the  basals,  are  only  one-third  of  their  size,  wider  than  long, 
quadrangular,  closely  joined  at  the  lateral  sutures,  and  slightly 
set  in  from  the  outer  upper  edge  of  the  basals,  leaving  a  rather 
deep  transverse  suture.  Second  and  third  radials  as  wide  as 
the  first  and  more  than  twice  as  wide  as  high.  Fourth  radials 
larger  than  the  others,  pentagonal,  supporting  upon  their  upper 
sloping  faces  the  free  arms. 
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rms  comparatively  robust,  taperiDg  rather  rapidly  to  the 

The  arm  joints  are  at  their  surface  angularly  elevated  in 

middle,  depressed  toward  the  sides,  the  sutures  between 

1  have  at  the  middle  angular  part  of  each  joint  a  strong 
Dward  curvature,  a  peculiarity  which  is  also  observable  in 
-adial  series.  The  arms  in  this  feature  recall  the  charac- 
tic  structure  of  those  of  Taxocrinus  and  Forbeswcrinus. 
>ugbout  the  greater  portion  of  the  arms,  every  alternate 
;  is  a  syzigium,  very  obtusely  pentagonal,  twice  as  large  as 
>ther  arm  joints,  and  to  the  longer  margin  of  each  which  is 
itly  angular,  is  attached  a  pinnule.     The  pinnules  originate 

very  aistinct  articulating  scar  near  the  upper  part  of  the 
i  The  intermediate  plates  are  quadrangular  m  outline. 
Q  the  bifuricating  radial  to  the  second  pinnule  two  quadran- 
r  joints  are  interposed  between  those  to  which  the  pinnules 
ittached.     The  great  size  of  the  syzygial  joints,  as  compared 

the  others,  and  their  rather  pentagonal  shape,  cause  the 
inles  to  branch  from  the  arms  at  a  considerable  angle,  and 

give  to  the  arms  a  marked  waving  form.  The  pinnules 
ig  alternately  from  every  second  .syzygial  joint  on  either 
of  the  arms,  they  are  simple,  composed  of  quadrangular 
£,  heavy,  long,  tapering  but  slightly,  nearly  all  thus 
itaining  the  same  size  throughout  their  entire  length. 
he  ventral  sides  of  the  arms  and  pinnules  are  in  our  speci- 

perfectly  covered  with  alternating  minute  plates.     The 

2  arrangement  of  plates  has  been  observed  by  us  arching 
ventral  furrow  in  the  arms  of  Cyathocrinus^  PotertocrinuSy 
^Viocrintis,  and  Cupressocrinusy  and  Messrs.  Meek  and  Wor- 

i  have  observed  it  in  the  arms  of  Baiocrintis.     We  are  led . 
elieve  that  the  ventral  furrow  was  similarly  arched  in  all 
iozoic  Grinoids. 

he  anal  side  and  proboscis  are  hidden  in  our  specimen  and 
lot  be  described.  The  surface  of  the  radials  and  arms  is 
stinctly  carinated. 

1  Pourialesi  can  be  readily  distinguished  from  any  other 

wn  species.     From  B.flortfery  which  it  perhaps  most  nearly 

mbles,  it  differs  in  its  more  globose  basal  cup,  its  smaller 

radials  and  its  wider  free  radials,  which  are  fully  twice  as 

3  in  that  species,  also  in  the  proportionally  shorter  and 
/ier  brachial  pieces,  the  extreme  size  of  the  syzygial  joints 
ompared  with  the  intermediate  ones,  the  robust  and  rapidly 
ring  arms,  in  the  angular  form  of  the  arm  joints,  the  curving 
ires  between  them,  and  in  the  peculiar  shape  and  crenulated 
er  part  of  the  calyx  of  that  species.  From  B.  Whiiei  it 
3r»  m  its  shorter,  more  globose  and  smaller  cup  and  in  the 
1  of  the  first  radials.  From  B,  typus  in  the  same  respects, 
also  in  the  waving  form  and  angular  surface  of  the  arm& 
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We  take  pleasure  in  dedicating  this  elegant  species  to  Count 
L.  F.  de  Pourtales,  tiie  eminent  Zoolo^st  of  the  Museum  of 
Comparative  Zoology  at  Oambridfire,  Massachusetts,  who  first 
called  attention  to  tne  relations  of  this  genus  to  one  of  the  types 
of  recent  Crinoids. 

Geological  position  and  locality :  from  the  lower  part  of  the 
Lower  Burlington  Limestone,  Burlington,  Iowa.  Collection  of 
Frank  Springer. 


Art.  XXDL — On  Thorpes  and  Bunsens  methods  for  the  Esii- 
mation  of  Nitrogen  in  Nitrates ;  by  S.  W.  JoHNSON. — Contribu- 
tions fram  the  /Sheffield  Laboratory  of  Yale  College.     No.  XLVL 

In  volume  xxvi,  pp.  541, 549,  of  the  Journal  of  the  Chemical 
Society,  as  well  as  in  his  treatise  on  Quantitative  Analysis,  p.  95, 
Thorpe  has  described  a  method  of  estimating  nitric  acid,  in 
which  this  acid  is  reduced  to  ammonia  by  the  use  of  slips  of 
zinc  coated  with  precipitated  copper,  a  reducing  combination 
first  employed  by  Gladstone  and  Tribe.  The  experimental  re- 
sults given  by  Thorpe  in  support  of  his  method  are  such  as 
apparently  establish  its  great  exactness,  while  in  simplicity 
and  ease  of  execution,  it  would  seem  to  be  quite  superior  to 
the  similar  methods  that  have  been  previously  proposed. 

Having  occasion  to  make  some  determinations  of  nitric  acid, 
I  tested  Thorpe's  method  in  five  distinct  trials  ¥rith  pure  sodium 
and  potassium  nitrates.     The  directions  given  by  Thorpe  in 
.his  Quantitative  Chemical  Analysis  are  as  follows: 

About  25-80  grams  of  thin  sheet  zinc  are  placed  in  a  flask  of 
about  200  c.  c.  capacity,  and  covered  with  a  moderately  con- 
centrated and  slightly  warmed  solution  of  copper  sulphate.  In 
about  ten  minutes  a  thick  spongy  coating  of  copper  will  be  de- 
posited on  the  zinc  ;  the  liquid  is  poured  off*  the  metals,  which 
are  now  well  washed  with  cold  water  and  covered  with  about 
40-50  c.  c.  of  pure  water.  Weigh  out  about  0*5  gram  of 
pure  nitre  into  the  flask  connected  with  a  condensing  arrange- 
ment The  liquid  is  gradually  heated  and  distilled  for  about 
an  hour.     The  distillate  is  treated  with  platinum  tetrachloride. 

These  directions  were  followed  as  closely  as  possible  save 
that  the  distillate 'was  received  in  a  standard  acid  in  order  to 
measure  the  ammonia  volumetrically. 

In  the  first  experiment  0*5712  of  sodium  nitrate  were  em- 
ployed, containing  009408  of  nitrogen.  After  distillation  was 
concluded,  the  distillate  contained  0*02947  of  nitrogen.  Think- 
ing that  the  zinc  hydroxide  resulting  from  reduction  of  the 
nitrate  might  retain  ammonia  beyond  the  power  of  simple  dis- 
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tillation  to  remove,  although  Thorpe  makes  no  such  suggestion, 
I  added  a  quantity  of  newly  fused,  pure  caustic  potash,  and 
more  water  and  distilled  again. 

This  second  distillation  gave  additional  ammonia  equal  to 
0'0227  of  nitrogen. 

The  total  nitrogen  thus  obtained  was : 
Ist  distillation,  0*02947 

2d  "  0-022V5 

0-05222  instead  of  0 -0^408 
Or  a  deficiency  of  45  per  cent. 

In  a  second  trial,  0*6689  grams  of  sodium  nitrate  were  taken. 
The  conditions  of  reduction  were  as  near  as  practicable  the 
same  as  before,  but  on  completing  the  first  distillation  the  odor 
of  nitric  oxide  was  plainlj  evident  in  the  receiving  vessel,  and 
the  amount  of  free  acid  in  the  latter  was  greater  than  at  the 
outset,  the  standard  acid,  not  only  being  not  neutralized  by 
ammonia  coming  from  reduction,  but  made  more  acid  by  the 
reaction  of  nitric  oxide  upon  the  oxygen  and  water  of  the  con- 
densing vessela 

In  a  third  experiment  with  0*4198  grams  of  pure  potassium 
nitrate,  40  grams  of  cleansed  zinc  were  covered  with  concentrated 
copper  sulphate  solution  for  fifteen  minutes,  the  precipitated 
copper  was  washed  with  great  care  to  avoid  as  much  as  possible 
detaching  it  from  the  zinc.  40  c  c.  of  water  and  the  nitrate 
were  added,  the  mixture  heated  very  gradually  and  distilled 
finally  with  addition  of  more  water,  for  one  hour.  The  result  was 
like  that  of  experiment  2. 

A  fourth  tnal  resulted  in  the  same  increase  of  acid  in  the 
receiver.  In  all  these  cases  the  copper  was  very  loosely  at- 
tached to  the  zinc,  so  that  by  mere  washing  much  of  it,  and  on 
boiling  most  of  it  separated. 

I  now  referred  to  Gladstone's  description  of  his  method  of 
preparing  the  zinc-copper  couple,  and  made  a  fifth  experiment, 
following  his  different  directions  as  follows : 

A  weak  solution  of  copper  sulphate  (1*6  per  cent  CuSO^) 
was  employed,  and  the  zinc  was  let  remain  in  it  for  some  time 
until  the  color  of  the  solution  was  very  nearly  discharged. 
The  distillation  was  then  conducted  as  Thorpe  directs. 

0-5338  erm.  KNO3  containing  13*84  per  cent    N. 
yielded  5  20        "         N. 

deficiency=  8*64         "         N. 

Thorpe  mentions  no  difiiculty  in  the  application  of  his  pro- 
cess except  in  case  of  ammonium  nitrate.  With  reference  to 
its  analysis  he  says,  "  the  discordances  appear  to  depend  upon 
differences  in  the  strength  of  the  solution  and  the  amounts  of 
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zinc  and  copper  taken.  If  the  solution  is  too  strong,  nitrogen 
dioxide  is  evolved,  and  if  the  amount  of  zinc  and  copper  be 
.  insufficient,  the  reduction  is  incomplete."  It  is  evident  that 
the  process  needs  further  study  to  aefine  the  conditions  of  its 
successful  employment 

In  contrast  with  the  above  results  I  instance  three  estima- 
tions of  nitrogen  made  by  Bunsen's  method,*  on  the  same  sample 
of  potassium  nitrate  and  with  aid  of  the  same  standard  alkali- 
metrical  solutions  as  were  employed  in  the  experiments  just  de- 
scribed. In  Bunsen's  method  the  reduction  is  effected  in  the 
cold,  in  presence  of  250  or  800  c.  c.  of  water  and  excess  of 
caustic  potash  by  zinc-iron  couples,  prepared  by  twisting  to- 
gether sheets  of  tne  two  metals. 

The  time  of  reduction  in  the  first  trial  was  twelve,  in  the 
others  thirty,  hours.  After  these  times,  the  ammonia  was  dis- 
tilled into  the  standard  acid.      The  results  were  as  follows : 

I.  2.  3.  Ibaoiy. 

Nitrate  taken,         0*4593         0-3374        0*2661 
Nitrogen  found,    13*29  p.  a    18*49  p.  c.  13-25  p.  a     18-84 

The  results  fall  short,  it  is  seen,  from  0*85  to  0*80  per  cent 
My  acknowledgments  are  due  to  Mr.  B.  BL  Jenkins,   for 
assistance  in  these  trials. 


Art.  XXX. —  Westfield  during  the  Champlain  Period;   by  J.  S. 

DiLLER,  of  Westfield,  Massachusetts. 

Westfield,  Massachusetts,  is  nine  miles  west  of  Springfield, 
and  six  miles  north  of  the  Connecticut  State  line,  in  a  valley 
cut  off  from  the  western  part  of  the  Connecticut  valley  by  the 
Divide  Bange  (the  trap  ricige  extending  south  from  Mount  Tom). 
The  village  of  Westfield  is  situated  between  Westfield  River  and 
Westfield  Little  River.  These  rivers  flow  eastward,  across  the 
valley,  and,  after  uniting  a  mile  east  of  the  village,  their  waters 
pass  through  the  Divide  Range  into  the  Connecticut  River 
below  Springfield. 

The  region  contains  three  extensive  plains.  Hampton  Plain, 
beginning  near  Hampden  Ponds,  four  miles  northeast  of  the 
village,  extends  south  to  the  Westfield  River.  Avenue  Plain 
extends,  from  the  mountains  west  of  Westfield,  east  between 
the  two  rivers  to  the  villaga  Poverty  Plain  begins  south 
of  the  rivers,  and  extends  south  by  the  Southwick  Ponds  into 
the  Farraington  vallev.  Stratified  deposits  in  the  northern 
part  of  the  Hampton  Plain,  near  Hampden  Ponds,  are  286  feet 
above  mean  sea-level.     From  this  place  the  plain  slopes  south 

*  FreseQioB's  Zeitadhrift,  x,  p.  414 
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reive  feet  per  mile  to  Dear  the  Catholic  cemetery,  and  is  there 
fi  feet  abore  mean  eea-level,  or  104  foot  abore  highest  modem 
■od-lerel  at  Westfield.  A  plain  estendiiiK  south  from  near 
istbampton  toward  the  Hampden  Ponds,  slopes  in  the  same 


ection.  The  divide  between  Northampton  and  Westfield 
jroBsed,  west  of  Hampden  Ponds,  by  a  valley  through  which 
i  old  canal  extendB.  The  highest  plain  in  this  vuley  near 
athamptou  is  ^6  feet  above  mean  sea-level,  and  slopes 
an.  Join.  801.— TsntD  Bbbiu,  Voi.  Zin,  So.  T&— AnuL,  18T7. 
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toward  the  south.  The  northern  part  of  the  Hampton  Plain 
is  made  of  very  coarse  material,  which  gradually  becomes  finer 
toward  the  south.  In  the  gravel  of  this  plain,  pebbles  of  trap 
are  found. 

Poverty  Plain  is  highest  just  south  of  Westfield  Little 
Biver,  where  the  stratified  deposits  are  254  feet  above  sea-level 
(109  above  flood-level  at  Wesmeld),  and  slopes  toward  the  south 
three  and  a  third  feet  per  mile.  The  material  of  the  Poverty 
Plain  is  finer  than  that  of  the  Hampton  Plain.  Poverty 
Plain  is  separated  from  Hampton  Plain  by  the  valley  of  the 
two  rivers,  and  extends  south  into  Farmington  valley.  The 
slope  of  these  plains  toward  the  south,  and  the  grade  in  the 
material  of  the  Hampton  Plain  in  the  same  direction,  are  un- 
mistakable evidences  that  during  the  period  of  their  deposition, 
the  Champlain  period,  the  water  must  have  flowed  over  these 
plains  from  north  to  south.* 

The  appearance  of  trap  pebbles  in  the  Hampton  Plain  points 
to  the  same  conclusii>n.     Not  any  trap  rock  is  found  m  the 
basin  of  the  Westfield  Eiver  west  of  the  Divide  Range.    Hamp- 
ton Plain  is  separated  all  along  its  eastern  boundary  from  the 
Divide  Bange  (trap)  by  a  ridg;e  of  sandstone  rising  far  above 
the  stratified  drift  of  the  plain.     From  these  conditions  it  is 
evident  that  the  trap  could  not  have  been  washed  into  the 
plain  from  either  the  east  or  west      Following  the   Divide 
Kan^e  to  Mt.  Tom,  it  will  be  seen  that  this  mountain  owes  its 
height  to  the  westward  advance  of  the  trap  and  underlying 
shale,  making  it  to  rest  directly  upon  the  hard  conglomerate 
which  forms  a  separate  ridge  south  ol  Mt.  Tom.   The  talus  of  trap 
on  the  western  side  of  Mt  Tom  would  be  carried,  by  a  stream 
flowing  south,  along  the  western  base  of  the  mountain,  directly 
into  the  Hampton  Plain.     There  seems  to  be  no  doubt  that 
the  pebbles  oi  trap  are  from  Mt  Tom,  and  were  carried  into 
their  present  position  by  a  stream  from  the  Connecticut  River 
flowing  south  (as  Professor  Dana  has  already  shown),  west  of 
Mt  Tom,  over  the  Hampton  and  Poverty  Plains  into  the 
Farmington  valley. 

The  highest  stratified  deposits  in  the  vicinity  of  Westfield 
are  near  Mt  Tekoa,  289  feet  above  the  sea,  and  112  feet  above 
the  flood-level  of  the  Westfield  River  where  it  issues  from  the 
mountains.  Hampton  Plain,  as  already  stated,  rises  286  feet 
above  the  sea.  According  to  Professor  Dana,  there  is  a  terrace 
at  TariflFville,  Conn.,  fourteen  miles  south  of  Westfield,  in  the 
same  valley,  having  a  height  275  feet  above  sea-level.  He  has 
taken  this  asproof  that  the  height  of  the  flood  over  the  middle 
part  of  the  Westfield  basin  was  at  least  276  feet.     The  heights 

*  Professor  J.  D.  Dana  derived  the  same  conclusion,  this  Journal,  yoL  x,  Dec 
No.,  1876,  pages  504-507. 
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given  above,  one  in  the  valley  and  the  other,  a  greater  height, 
apon  its  side,  show,  after  making  reasonable  allowance  for  the 
slope  of  the  water,  that  the  level  of  the  highest  flood  was  at 
least  280  feet  above  mean  sea-leveL 

Daring  the  greatest  flood,  the  Westfield  River  and  the  West- 
field  Little  River,  joining  the  waters  from  the  Connecticut, 
flowed  south  over  the  !roverty  Plain  into  the  Farmington 
valley.  The  lower  deposits  in  this  vicinity  were  made  by  the 
Westfield  Rivers  before  the  overflow  from  the  Connecticut 
began.  One  of  the  first  results  of  the  overflow  from  the  north 
must  have  been  to  fill  the  former  valley  of  the  Westfield  Rivers, 
so  that  during  the  time  of  greatest  flood  the  Hampton  and 
Poverty  Plains  must  have  been  one  continuous  plain. 

The  north  end  of  the  Poverty  Plain  is  five  feet  higher 
than  the  south  end  of  the  Hampton  Plain,  and  while  the  latter 
slopes  twelve  feet  per  mile  the  former  slopes  only  three  and  a 
third  feet  per  mila  The  material  of  the  Poverty  Plain  is 
finer  than  that  of  the  Hampton  Plain.  The  diflerences  in 
height,  slope,  and  material,  are  all  due  to  the  confluence  of  the 
three  streams  upon  the  Poverty  Plain,  and  to  the  damming 
of  the  water  by  the  Southwick  Divide. 

The  Avenue  Plain,  at  its  western  extremity,  reaches  its 
greatest  height,  286  feet  above  mean  sea-level  and  109  feet 
above  flood-level  of  the  Westfield  River,  at  Mt.  Tekoa.  From 
this  place  it  slopes  east  sixteen  feet  per  mile  to  the  village 
cemetery,  where  its  height  is  282  feet  and  87  feet  above  flood- 
level  of  the  Westfield  River  at  Westfield.  The  east  end  of  the 
Avenue  Plain  is  at  least  seventeen  feet  lower  than  the  adjacent 
ends  of  the  Hampton  and  Poverty  Plains,  showing  that  seven- 
teen feet  of  stratified  deposits  mast  have  been  swept  ofl*  the 
east  end  of  Avenue  Plain. 

When  the  flood  subsided,  the  overflow  from  the  north  ceased, 
and  the  Westfield  rivers  began  to  flow  once  more  through  the 
Divide  Range  into  the  Connecticut  By  their  conjoined  action 
they  eroded  the  Avenue  Plain  to  its  present  level,  and  cut  for 
themselves,  across  the  once  continuous  plain,  deep  v%lleys, 
with  the  terraced  sides  that  now  appear. 


Abt.  XXX. — On  some  Embryonic  Forms  of  Trilobites  frorm  the 
Primordial  Rocks  at  Trcyy,  N,  T, ;  by  S.  W.  Ford.  With 
Plate  IV. 

Ths  existence,  in  the  case  of  a  number  of  species  of  Bohe- 
mian Trilobites,  of  a  series  of  forms  showing  that,  before  reach- 
ing maturity,  the  animal  passed  through  several  widely  distinct 
phases  of  growth,  is  a  fact  long  ago  made  familiar  U>  ^<^\o^^\& 
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by  the  researches  of  M.  Barranda  In  one  instance,  that  of 
iSao  hirsuta^  he  has  shown  that  twenty  such  phases  are  passed 
throagh,  the  earliest  and  simplest  forms  being  yf  almost  micro- 
scopic minuteness  and  presenting  scarcely  any  resemblance  to 
the  indiyidual  when  completely  aeyelopecL  These  phenomena 
haye  been  styled  by  Barrande  the  '^  Metamorphoses  of  Trilo- 
bites  ;*'  and  in  his  truly  magnificent  work  on  the  Trilobites  of 
Bohemia  (Syst^me  Silurien  de  la  Boh6me,  yol.  i,  1852,)  they 
are  fully  and  ably  set  forth  and  discussed.  Hitherto,  howeyer, 
no  example  of  a  truly  embryonic  form  of  trilobite,  or  one  show- 
ing that  the  animal  was  mainly  deyeloped  after  quitting  the 
effg,  has  been  found  in  other  than  Bohemian  strata;  a  fact 
wnich,  when  we  consider  the  prodigious  numbers  of  these  ani- 
mals that  existed  in  Paleozoic  times,  the  care  with  which  the 
rocks  in  which  they  occur  haye  been  explored  in  many  coun- 
tries, and  the  profound  study  which  their  remains  haye  receiyed 
at  the  hands  of  many  distinguished  inyestigators,  would  seem  to 
indicate  that,  in  the  greater  number  of  species,  no  such  forms 
eyer  existed.  I  beg  leave  to  submit  herewith  the  evidence  I 
have  obtained  of  the  metamorphoses  of  an  American  trilobite, 
the  species  bein^  the  Olenellus  (EUiptocephalus)  asaphoides  of 
Emmons.  I  shall  discuss  this  evidence,  together  with  certain 
other  material  which  I  possess  pertaining  to  this  species,  under 
the  following  heads : 

Genus  OLENELLUS  HaU. 
Olbnbllus  (Eluptocephalus)  asaphoidbs  Emm. 

L  JSmhryonic  Forms. 

In  the  spring  of  1868  I  discovered  several  specimens  of  this 
species  in  the  limestone  beds  at  Troy,  showing  clearly  the 
cnaracters  of  Olenellus^  which  were  afterward  fully  identified 
with  the  Washington  County  form  by  Mr.  Billings.  Since 
that  time  I  have  added  to  my  list  of  specimens  whenever 
opportunity  has  oflFered.  Although  some  of  the  specimens 
obtained  early  in  the  course  of  my  investigations  appeared  to 
me  ^omewhat  rudimentary  in  character,  yet  it  is  only  of  late^ 
and  after  laboriously  working  away  the  partially  enveloping 
rock,  that  I  have  become  fully  aware  of  the  real  richness  w 
the  material.  Further  researches  will  doubtless  supply  much 
that  is  still  desirable. 

Fig.  la  represents,  natural  size,  the  earliest  stage  of  growth 
observed,  and  16  the  same  enlarged  five  diametera  The  speci- 
men is  nearly  circular,  one  line  in  greatest  width  and  lei^h, 
with  a  wide  concave  border  which,  toward  the  edge,  is  bent 
upward  so  as  to  form  a  neat  marginal  rim.  The  glabella  is 
three-fifths  the  total  length.  It  is  divided  into  five  distinct 
lobes  by  four  well  defined  furrows  extending  all  acrosa    The 
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lid  lobe  is  oonsiderablj  lai^er  and  spreads  oat  laterallj 
dd  the  others,  which  are  of  nearly  equal  shape  and  dimen- 
.  It  stands  out  prominently  in  the  specimen.  The  eye- 
are  of  an  elongate  semi-lunate  form,  and,  springing  from 
oetero-lateral  angles  of  the  forward  lobes  of  the  glabella, 
id  backward  nearly  as  far  as  the  last  glabellar  furrow.  At 
x)sterior  extremity  of  each  and  in  direct  continuity  with 

is  a  well-defined  rounded  ridge  which  extends  outward 
Mckward  toward  the  poetero-lateral  margin,  with  the  raised 

of  which  it  unites  to  form  a  slender  spine.  The  spaces 
aen  the  eye-lobes  and  glabella  are  tumid  and  are  prolonged 
ward  as  two  spines  lying  within  the  former.  These  I  shall, 
mvenience,  call  the  ^*  inter-ocular"  spines.  I  haye  no  doubt 
hat  all  of  these  spines  terminate  in  acute  points,  as  they 
II  seen  to  taper  slightly  in  the  specimen  ;  but  as  they  pass 
ith  the  stone  a  short  distance  from  the  disk,  I  haye 
;ht  it  better  not  to  run  the  risk  of  destroying  them 
ether  in  attempting  to  further  develop  them.  Between 
wo  spines  last  aescribed  lie  the  last  glabellar  lobe  and  its 
adage,  the  latter  a  simple,  smooth,  narrow,  nearly  flat  or 
feebly  conyex  plate,  conyex  in  outline  behind,  and  giying 
B  specimen  its  nearly  circular  form.     This  plate  I  consider 

a  rudimentary  pygidium.  I  belieye  this  to  be  one  of  the 
rudimentary  trilobitic  forms  eyer  discoyered.  At  present 
pears  to  me  to  be  equally  humble  in  structure  with  the 
representing  the  first  stage  of  growth  of  Sao  hirsuta  illus- 
i  by  Barrande.     The  head  is  greatly  predominant    There 

thorax,  and  no  pygidium  properly  so  called, 
ith  reeard  to  the  nature  of  the  spines  and  ridges  which  I 
just  described  I  became  greatly  puzzled  as  my  study  of 
pecimen  continued.     At  first  I  was  disposed  to  look  upon 

as  simply  ornamental  in  their  nature,  regarding  the  ridge 
b  runs  oackward  from  the  eye-lobe  as  simply  the  eye-lobe 

fanciftiUy  prolonged.  Afterward,  howeyer,  I  was  led  to 
the  economy  of  the  animal  organization  into  account,  and 
the  moment  of  doing  this  I  was  conducted  to  yery  differ- 
x>nclusions  from  those  first  entertained.  I  belieye  the 
•  spine  of  this  individual  to  represent  the  permanent  spine 
le  genal  angle  in  the  adult,  and  the  little  ridge  wnich 

backward  from  the  eye-lobe  to  this  spine  and  helps  to 

it  to  represent  that  portion  of  the  posterior  margin  of 
s  which  lies  between  the  genal  angle  and  the  facial  suture, 
inter-ocular  spines  I  am  inclined  to  regard  at  present 
lying  been  most  probably  protective  in  their  office.  Be- 
1  the  ridges  extending  from  the  eye-lobes  and  these  spines 

is  an  open  space  or  mt  in  the  shield.  This  space  repre- 
,  I  belieye,  the  position  of  the  posterior  portion  of  the 
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facial  suture  in  the  adult  At  this  stage  that  portion  of  the 
posterior  margin  of  adults  which  lies  within  the  sutures  is  not 
even  indicated.  The  specimen  presenting  these  remarkable 
features  of  structure  is  in  a  beautiful  state  of  preservation. 

Fig.  2a  represents  another  specimen,  natural  size,  and  2i  the 
same  enlarged  three  and  one  half  diameters.     The  lower  left 
hand  portion  of  the  border  is  slightly  restored  in  each.     This 
specimen  is,  in  extreme  width,  two-thirds  larger  than  the  first 
example,  and  in  extreme  length,  exclusive  of  the  spines,  one- 
half  larger.     The  form  has  changed  considerably,  out  it  re- 
quires but  a  moment's  attention  to  convince  one  that  the  fon- 
damental  structure  is,  in  all  rdspects,  the  same  with  that  of  the 
preceding  example.     The  shield  is  more  spread  out  laterally, 
and  markedly  so  at  the  mid-length ;   the  eye-lobes  in  their 
forward  portions  are  more  arched  ;  the  glabella  is  more  acutely 
and  regularly  tapering ;  and  the  proportional  distance  between 
the  inter-ocular  spines  at  their  ori^n  is  considerably  increased. 
The  glabella  is  marked  by  four  distinct  furrows  extending  all 
across  as  before.     Immeaiately  in  advance  of  the  fourth  or 
foremost  furrow  there  is  a  slight  ridge  extending  all  across  the 
anterior  lobe,  which  gives  to  the  eye- lobes  the  appearance  of 
meeting  on  the  median  line  of  the  glabella.     The  neck-furrow 
is  strongly  marked.     On  either  side  of  the  neck-s^ment  is  a 
short,  deep,  longitudinal  furrow  with  an  elevated  rim  bounding 
it  behind.     We  have  here  rudely  sketched  out  that  portion  of 
the  posterior  margin  of  adults  which  lies  inside  of  the  suturea 
In  contact  with  this  margin  there  is  a  somewhat  convex,  trian- 
gular body,  the  central  portion  of  which  is  damaged,  but  which 
shows  on  each  side  two  or  three  obscure  furrows  extending 
outward  and  backward.     This  body,  both  from  what  Barrande 
has  tauffht  respecting  the  mode  of  development  of  the  thorax 
of  trilobites  and  from  the  appearances  themselves,  I  consider 
to  be  most  probably  a  rudimcAtary  thorax  and  pygidium  com- 
bined    From  the  even  manner  in  which  it  is  outlined  it  is 
probable  that  none  of  the  segments  were  yet  free.     The  surfiEUse 
of  both  this  and  the  foregoing  specimen  is  smooth. 

Now,  if  we  examine  the  figures  it  will  appear  evident,  I 
think,  that,  between  1  and  2,  one  or  more  intermediate  forms 
may  exist,  and  between  2  and  8  a  considerable  number  of  such 
forms.  As  yet,  however,  no  such  forms  have  been  obtained. 
Figure  8a  shows,  uatural  size,  and  86  twice  enlarged,  a  head 
whose  development  is  evidently  nearly  completed,  but  which 
is,  nevertheless,  embryonic  in  certain  of  its  features.  There 
still  exist  the  strong  inter-ocular  spines  and  the  glabellar  ridge 
uniting  the  eye- lobes  in  front  The  glabellar  furrows  also  extend 
all  across,  but  become  fainter  on  the  median  line.  The  eye-lobes 
are  rather  more  regularly  curved  than  represented  in  the  figure. 
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8  specimen  we  have  the  first  iDdication  of  the  fine  system 
fiice  lines  which  ornaments  so  beautifuUj,  in  many  instan- 
16  adults.  From  the  posterior  extremity  of  the  eye-lobe 
is  a  slender  though  distinct  ridge  running  backward  par- 
irith  the  inter-ocular  spine,  lying  close  alongside,  to  the 
nal  edge  and  forming  with  it  a  continuous  elevation. 
)en  this  little  ridge  and  its  adjacent  spine  is  the  place  of 
itura  In  this,  as  in  the  preceding  example,  the  inner 
d  portions  of  the  posterior  margin  wall  against  the  inter- 
'  spines.  These  spines  are  here  clearly  seen  to  lie  in  the 
nal  border,  or  rather  between  its  still  disunited  outer  and 
portions,  appearing  as  if  occupying  a  little  notch  in  that 
r  especially  mtended  for  their  reception.  The  spines  of 
)Sterior  angles  are  only  partially  preserved, 
figure  4a,  which  is  of  the  natural  size,  and  b  the  same 
;ea  as  before,  the  posterior  margin  is  continuous  or  united 

sutures;  but  there  is  a  little  ridge  running  from  the  base 
t  eye-lobe  to  the  marginal  edge,  as  in  the  preceding  case, 
character  is  likewise  shown  in  all  perfect  aault  specimens, 
specimen  is  perfect  excepting  the  posterior  spines.  The 
3ters  are  all  only  those  oi  adult  growth.  There  are  three 
of  glabellar  furrows  in  advance  of  the  neck-furrow,  none 
ich  reach  the  median  line,  and  in  addition,  as  is  likewise 
►f  most  adult  specimens,  a  short,  fainter  fourth  pair  in  front 
5  anterior  extremities  of  the  eye-lobes.  The  neck-furrow 
tinuous  all  acrosa  The  spaces  between  the  eye-lobes  and 
[la  are  but  moderately  convex  and  were  no  longer  pro- 

with  spinous  appendages.  The  surface  of  the  cheeks  is 
lented  with  exceedingly  fine  waved  lines,  best  shown  in 
mcavity  just  within  the  marginal  rim. 
lave  purposely  dealt  with  figure  4,  under  this  head,  in 
to  prepare  the  way  for  a  better  understanding  of  certain 
•es  of  structure  presented  by  the  embryonic  forms  to 
I  I  wish  more  particularly  to  refer.  Returning  to  figure 
on  comparing  this  form  with  2a,  we  observe  the  pnnci' 
fferences  to  consist  in  the  relativelv  greater  lateral  expau- 
>f  the  postero-lateral  portions  of  the  shield  in  the  former, 
being  extended  so  as  to  give  to  the  form  a  nearly  semi- 
ar  outline ;  the  relatively  smaller  size  of  the  tumid  spaces 
en  the  eye-lobes  and  glabella;  the  relatively  nearer  ap- 
ii  of  the  posterior  portions  of  the  eye-lobes  to  the  glabella  ; 
I  the  presence  of  a  nearly  perfectly  formed,  though  not,  as 
nited  posterior  border.    With  the  completion  of  the  perfect 

of  the  posterior  margin  at  the  sutures,  the  inter-ocular 
\  appear  to  have  been  no  longer  of  use  and  were  altogether 
esseo.  Figure  4  is  an  example  of  this.  But  in  all  essen- 
Atures  of  structure  I  believe  2  and  3  to  be  fundamentally 
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the  same.  If,  in  the  case  of  figure  2  we  were  to  soppoae  that 
portion  of  the  ridge  running  from  the  lower  extremity  of  the 
eje-lobe  which  does  not  enter  into  the  composition  of  the  spine 
of  the  general  angle  to  be  elastic,  and  then  draw  the  lower  end 
of  the  eye-lobe  downward  and  inward  as  close  to  the  glabella 
as  possible,  at  the  same  time  carrying  the  genal  angle  outward 
a  little  way,  we  should  get  a  short  horizontal  posterior  margin 
between  the  outer  and  inner  spinea  This  is  similar  to  what,  I 
belieye,  has,  in  effect,  actually  occurred  in  the  growth  and  de- 
yelopment  of  this  form,  the  growth  being  both  inward  or  toward 
the  une  of  suture  and  outward  or  toward  the  angle,  giying  us  a 
form  such  as  we  observe  in  figure  S.  I  haye  no  doubt  but  that 
future  discoveries  will  bring  to  light  forms  illustrating  this,  and 
also  showing  us  more  fully  the  various  stages  of  unfolding 
passed  through  in  the  development  of  this  extraordinary  species 
of  trilobite. 

n.  Adidt  Forma. 

Fig.  5  represents,  twice  enlarged,  an  unusually  perfect  speci- 
*men.  It  is  of  a  young  individual,  but  the  characters  show  that 
it  was,  without  doubt,  a  fully  developed  form.  The  head  is 
somewhat  crushed  and  fractured,  but  the  main  features  are 
beautifully  shown.  The  thorax  is  incomplete,  and  the  pygi- 
dium  is  wanting.  There  are  twelve  pairs  of  ribs  prederved. 
These  decrease  in  length  in  a  regular  manner,  constituting  an 
exceptional  feature  in  the  structure  of  the  genus.*  In  one  of 
the  three  specimens  of  this  species  figured  in  Dr.  Emmons' 
works  there  are  fourteen  articulations  in  the  thorax,  but  it  is 
impossible  to  say  whether  this  is  the  total  number  possessed 
by  the  individual.  His  figure  also  shows  one  of  the  posterior 
spines  of  the  head  in  place  with  its  characteristic  surface-mark- 
ings-t  In  our  specimen  the  whole  surface  of  the  head  beyond 
the  eye-lobes  and  glabella  is  covered  with  irregularly  alter- 
nating finer  and  coarser  lines  radiating  outward  to  the  maigin. 
These  lines  are  somewhat  too  coarsely  represented  in  the  figure, 
but  it  shows  well  the  peculiar  character  of  the  ornamentation. 
In  this  specimen  the  slender  ridges  running  from  the  eye-lobes 
to  the  posterior  margin  along  the  sutural  unes  are  very  appar- 
ent The  eve-lobes  are  not  actually  in  contact  with  the  glabella 
behind  as  shown  in  the  figure,  which  would  also  slightly  change 
the  direction  of  the  ridges  extending  from  them.  At  a  and  h 
the  shield  is  fractured,  but  I  do  not  eonsider  either  fracture  as 

*  See  Barrande, — "  Documents  andens  et  nouveaux  sur  la  faune  primordiale  et 
le  Systdme  Taoonique  en  Amerique."  Bui.  GeoL  Soc.  France,  2  Ser.,  ycL  xriii,  {v 
203|  1861.  Also,  the  writer,  "  Note  on  MicrocUscus  speciosus^*^  this  Joanu,  Feb., 
1877,  p.  141. 

t'*  American  Geology,"  pL  1,  fig.  18,  1866.  See  also  "Taoonic  Qfitan," 
pamph.,  4to,  p.  21,  1844. 
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ooincident  with  the  course  of  the  suture.  In  fig.  S,  which  repre- 
sents the  glabella,  eye-lobes,  and  portions  of  the  cheeks  of  a 
large  individual,  the  whole  consiaerablj  weathered,  there  are 
Aree  such  fractures.  Of  these  a  coincides  very  nearly  in  relative 
position  and  direction  with  a  in  fig.  6.  But  tnis  coincidence  ap- 
pears to  me  to  be  only  accidental.  It  is  possible,  judging  from  a 
specimen  in  my  collection  showing  the  under  side  of  the  head 
with  the  hypostoma  in  place,  that  the  line  c  coincides  with  the 
suture,  but  I  do  not  feel  at  all  satisfied  of  this.  I  have  never 
been  able  to  ascertain  to  my  entire  satisfaction  the  direction  of 
the  suture  in  front  of  the  eye  in  any  specimen.  The  shield 
appears  to  have  fractured  as  easily  in  one  direction  as  another. 
Tina  would  seem  to  indicate  that  the  cheeks  were  very  firmly 
united  at  the  sutures  in  front.  This,  if  true,  has  an  important 
bearing  upon  what  I  have  stated  in  regard  to  the  mode  of  for- 
mation of  the  posterior  border  in  the  embryonic  stages ;  for  if, 
according  to  my  view,  the  posterior  portions  of  the  sutures 
were,  almost  from  first  to  last  in  the  progress  of  the  metamor- 
phoBes,  only  indicated  by  the  structure,  the  spaces  in  the  develr 
oping  margin  which  they  were  to  occupy  bemg  long  left  open, 
we  can  readily  understand  why  the  anterior  portions  of  the 
shield  should  have  been  firmly  held  together.  The  changes 
that  took  place  in  the  forward  portion  of  the  shield  during  the 
period  of  development  were,  as  compared  with  those  in  the 
Dackward,  relatively  unimportant  both  as  to  kind  and  amount. 

This  species  sometimes  attained  an  enormous  size.  One 
specimen  of  the  glabella  in  my  collection  is  an  inch  in  width 
at  its  narrowest  part  The  surface  of  the  head  in  some  cases 
presents  an  exceedingly  ornate  appearanca  Occasionally  the 
whole  surface  of  the  cheeks  is  covered  with  small  polygonal 
areas  having  a  little  prominence  in  the  center  of  each,  these 
areas  being  formed  by  the  irregular  interlacing  of  the  fine 
raised  sur&ce  linea  In  other  cases  this  arrangement  holds 
good  for  the  more  central  portions  of  the  cheeks,  while  toward 
the  margin  the  lines  become  more  regular  in  direction  and 
better  defined,  and  sometimes  become  so  widely  separated  as 
to  enclose  two  or  more  rows  of  what  were  before  the  little 
tubercles  or  prominences  in  the  polygonal  spaces.  Figs.  lOa-i 
are  intended  to  illustrate  what  is  here  meant,  b  being  a  small 
s^ment  of  the  outer  portion  of  a  cheek  greatly  enlarged,  and  a 
an  enlai^ement  of  one  of  the  inner  portions.  At  other  times 
the  whole  surface  of  the  cheeks  is  covered  with  tubercles  with 
no  enclosing  lines,  and  at  still  others  with  only  irregular  lines 
with  no  tubercles. 

Fig.  9  is  of  a  portion  of  one  of  the  cheeks  preserving  its 
spina  The  upper  crust  is  nearly  all  removed,  but  at  the  spine 
we  see  it  present  with  its  usual  ornamentation.     The  specimen 
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is,  for  the  most  part,  a  cast  in  stone  of  the  outer  or  lower  sar- 
fitce  of  the  ''  doublure,"  which  is  shown  to  be  ornamented  in 
much  the  same  way  as  the  upper  surface  of  the  shield.  Along 
the  outer  edge  there  is  a  portion  of  the  doublure  itself  remain- 
ing. 

nL  T%e  Hypostoma  and  FJpigtama, 

Of  the  hypostoma  of  this  species  I  have  several  specimens,  one 
of  which,  a  very  perfect  example,  is  here  figured  twice  the 
natural  size  (fig.  6).  Its  form  and  structure  both  show  it 
to  be  very  closely  related  to  the  bypostoma  of  Paradoxidea, 
The  surface  is  smooth.  The  central  body  is  exceedingly  convex. 
In  his  description  of  the  type  of  the  ^enus,  0.  Thompaont  (18th 
Regents'  Rep.  and  elsewhere).  Professor  Hall  says  of  the  hypos- 
toma that  it  is  *'  broadly  ovate,  little  longer  than  wide."  As 
this  description  was  too  imperfect  to  be  made  available  in  com- 

Sarison,  and  was  unaccompanied  by  a  figure,  we  were  thus  left  in 
oubt  regarding  the  testimony  of  this,  one  of  the  most  import- 
ant parts  of  trilobites  that  can  be  employed  in  the  identifica- 
tion or  differentiation  of  genera.  In  the  form  of  the  hypos- 
toma, the  shape  of  the  glabella,  and  in  its  facieay  this'genus  is 
evidently  closely  related  to  Paradoocidea,  more  closely  I  believe 
than  to  Olenua,  as  was  originally  believed  by  most  paleontolo- 
gists who  investigated  it  The  glabella  in  all  the  species  is 
widest  at  the  frontal  lobe.  In  the  case  of  0.  aaaphoidka  we  see 
that  this  is  a  feature  that  is  early  marked  out  in  the  structure 
In  a  small  number  of  species  of  trilobites  described  and 
figured  by  Barrande,  there  is  shown  to  exist  a  second  plate 
quite  similar  in  shape  to  the  hypostoma,  but  placed  in  the 
interior  of  the  cephalic  shield.  This  he  has  called  the  **  epis- 
toma."  We  have  not  hitherto  found  this  organ  in  any  Ameri- 
can trilobite.  About  three  years  ago  I  obtained  an  enormous 
glabella  of  0.  asaphoides,  beneath  which  there  appeared  to  be 
at  one  point  indications  of  the  existence  of  a  plate  of  difierent 
character  from  anything  I  had  previously  seen.  The  specimen 
remained  in  my  hands  in  this  state  for  a  lon^  time,  but  I 
finally  succeeded  in  developing  the  body  referred  to,  which  is 
the  remarkable  form  represented  (nat  size)  in  fig.  7  of  the  plate. 
It  shows  a  central  or  sub-central  elevated  area  with  two  deep 
oblong  parallel  furrows;  an  elevated  left-hand  border,  ana 
between  these  a  wide  concavity.  At  the  upper  left-hand  por- 
tion is  the  cast  of  a  stout  spine.  Just  to  the  right  of  this  a 
portion  of  the  plate  has  been  removed.  The  surface  presents  a 
smooth  polished  appearance.  This  plate  I  believe  to  be  the 
epistoma  of  this  species. 

The  specimen  whence  this  plate  was  obtained  consisted  as 
originally  discovered  of  two  parts,  one  showing  the  inner  surface 
of  the  crust  of  the  glabella,  and  the  other  its  impression  in 
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)xie.  Beneath  this  latter,  at  about  a  line's  depth,  was 
a  portion  of  the  plate  in  question.  At  present  the 
en  consists  of  three  parts,  or  rather  four :  (1)  The  inner 
3  of  the  glabella ;  (2)  a  limestone  cast  of  the  same ;  (S) 
tistoma  attached  to  the  lower  side  of  No.  2 ;  (4)  a  cast 
lower  or  mouthward  side  of  the  epistoma,  and  preserv- 
I  spina  The  layer  holding  the  epistoma  came  away  in 
I  pieces.  These  have  been  glued  together,  and  the  rela- 
d  the  parts  of  all  four  of  the  pieces  can  be  made  out  with 
id  certainty. 

will  be  seen  from  the  figure,  the  plate  is  in  a  fragmentary 

ion.      Compared   with   the  hypostoma  it   is    probably 

5nted  in  an  inverted  position  in  the  drawing.     The 

portion  in  the  figure  is  probably  the  backward  portion 

specimen.     This  is,  moreover,  its  position  beneath  the 

la.     It  lies  diagonally  across  the  latter,  with  its  spinous 

1  resting  directly  beneath   the  neck  segment     It  has 

ess  become  detached  and  slipped  backward.     It  appears 

probable  that  the  straight  dotted  line  in  the  figure  inaicates 

dmately  the  middle  line  of  the  perfect  specimen.     This 

hat  I  desire  to  say  upon  the  subject  at  present 

sum  up :  I  believe  the  facts  which  have  been  presented 

conclusively  that  we  have  in  Olenellus  asaphoides  an  ex- 

of  the  metamorphoses  of  trilobites,  and  clear  up  some 

that  have  always  been  in  doubt  concerning  the  genus, 

3  afibrding  us  a  more  complete  life-history  than  we  have 

to  possessed  of  any  trilobite  from  American  strata.    In  my 

igation  of  this  singular  life-history  I  have  striven  earnestly 

[  the  record  aright  How  far  I  have  succeeded  in  this  must 

i  for  my  fellow  laborers  in  the  department  to  determine. 

of  the  specimens  described  and  figured  in  this  paper 

ollected  by  the  writer  from  the  limestone  beds  of  the 

Potsdam  Group  at  Troy,  N.  Y. 

fork,  February,  1877. 


SXXL — The  Winds  of  the  Globe  ;  or  the  Laws  of  Atmos- 
ic  Circulation  over  the  surface  of  the  Earth  ;  by  James  H. 
PIN,  LL.D.,  Professor  of  Mathematics  and  Astronomy  in 
lyette  College.* 

9  volume,  to  which  the  author  devoted  many  years  of 
I;  labor,  may  be  considered,  as  its  title  implies,  an  exten- 

Winda  of  (he  Globe;  or  the  Laws  of  Atmospheric  OirculaHon  over  (he  surface 
Hh;  hy  Jambs  H.  Coffin,  LL.D.,  Professor  of  Mathematics  and  Astron- 
Lalayetto  College,  xxvi  and  766  pp.  4to,  with  26  plates.  WashinsUm, 
completed,  on  the  author's  deoease,  liy  Professor  Selden  J.  CoiBn,  PluD. ; 
liscusslon  and  Analysis  by  Dr.  Alexander  WoeVkol. — %inVt)ICk«oTi\«3iQi«sii> 
■8  to  Knowledge. 
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sion  of  his  earlier  treatise  on  the  Winds  of  the  Northern  Hemi- 
sphere.    Its  design  is  to  show 

1st  The  mean  direction  of  the  wind  in  all  parts  of  the  earth. 

2d.  The  ratio  that  the  progressive  motion  bears  to  the  total 
distance  traveled. 

8d.  The  modifications  that  the  mean  current  undei^goes  in 
the  different  seasons  of  the  year. 

4th.  The  directions  in  which  the  forces  act  that  produce 
these  modifications. 

6th.  The  amount  of  their  intensities. 

6th.  To  show,  by  separate  solutions  for  the  surface  winds 
and  those  indicated  by  the  motion  of  the  clouds,  how  the  two 
differ,  and  how  they  differ  according  as  we  do,  or  do  not,  take 
into  account  the  difference  in  the  velocity  of  the  different  winds. 

The  data  used  for  elucidating  these  points  consist  of  series 
of  observations  on  winds  made  at  8,228  different  stations  on 
land,  and  during  numerous  voyages  at  sea,  extending  from  the 
parallel  of  83®  16'  north  latitude,  to  beyond  the  parallel  of  75° 
south  latitude,  the  extreme  points  ever  reached  by  man,  altogether 
embracing  an  aggregate  period  of  over  18,500  years.  If  the  area 
between  latitude  60°  N.  and  60°  S.,  where  observations  are  more 
abundant,  be  divided  into  geographical  squares,  by  drawing 
meridians  and  parallels  of  latituae  6°  apart,  of  the  1728  squares 
so  formed  1410  are  represented  in  this  work.  The  818  vacant 
squares,  from  which  no  observations  have  been  obtained,  are  as 
follows:  Twenty -one  in  North  America,  mostly  in  British  Amer- 
ica; forty  in  the  interior  of  South  America;  none  in  Europe; 
seventy  in  Central  Asia ;  sixty-three  in  Africa ;  fifteen  in  the 
interior  of  Australia;  one  hundred  and  eight  in  the  North 
Pacific  Ocean ;  and  one  in  the  South  Pacific  Ocean. 

It  seems  eminently  desirable  that  the  great  paucity  in  the 
North  Pacific  Ocean,  should  be  filled ;  particularly  as  it  is  sup- 
posed that  the  material  for  doing  so  exists,  though  entirely 
unreduced,  among  the  archives  of  the  United  States  Naval 
Department 

To  facilitate  condensation  in  the  results,  the  stations  that 
reported  directly  to  the  Smithsonian  Institution  have  been 
grouped  into  convenient  districts,  about  100  miles  square,  and 
the  total  number  of  observations  has  been  given  for  at  least 
eight  points  of  the  compass,  during  each  of  the  four  seasons. 
In  the  case  of  most  other  stations,  and  particularly  when  the 
series  extended  through  a  long  period  of  years,  the  total  num- 
ber of  observations  is  given  for  each  month  of  the  year,  and 
to  sixteen  points  of  the  compass.  By  this  summary  the  dis- 
tinctive features  of  the  system  of  winds  in  any  part  of  the 
earth  are  not  obliterated  by  condensation,  excepting,  of  course, 
when  those  of  a  particular  epoch  are  sought,  as  in  the  case  oif 
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the  investigation  of  storms.  For  this  the  present  work  is  not 
available ;  although  the  author  appreciatea  this  end,  as  shown 
in  his  preparation  of  a  previous  work,*  in  which  300  pages  are 
devoted  to  selected  records  from  400  localities  in  the  United 
States,  extending  through  several  days  each.  Id  the  case  of 
storms  that  occurred  in  March  and  September,  1859,  and  noting 
not  only  the  winds,  but  all  the  accompanying  meteorological 
phenomena. 

The  method  of  summing  and  presenting  this  mass  of  material, 
is  by  five  series :  in  each  of  which  the  separate  seasons  and 
points  of  the  compass  are  kept  distinct,  viz : 

L  The  number  of  observations. 

EL  The  number  of  miles  traveled,  as  estimated  by  the  ob- 
servers.  ' 

TTT.  The  mean  velocity  in  miles  per  hour. 

IV.  The  number  of  observations  taken  on  the  upper  current, 
as  indicated  by  the  motion  of  the  clouds. 

V.  A  velocity  table  computed  from  the  first  three  series,  the 
results  of  which  will  be  noted  farther  on. 

In  series  I,  11  and  IV,  the  trigonometrical  resultants  are 
computed,  both  as  to  direction  and  the  ratio  of  the  resultant 
to  the  sum  of  the  winds.  Of  these  the  work  embraces  16,000 
solutions,  about  one-half  of  which  find  place  on  the  charts. 
The  deflecting  forces  have  been  wrought  out  in  about  8,000 
of  these  instances. 

The  peculiarity  of  series  V  may  be  seen  in  an  example. 
Certain  stations  in  New  Hampshire,  north  of  latitude  40®, 
during  the  years  1854  to  1857  inclusive,  give  the  following 
result: 


ATerage  Telocity  of  all  winds  in  miles,  per  hour,. . 

Velocity  in  mean  direction,  on  the  supposition  that 
the  winda  from  every  point  of  the  compass  move 
with  the  foregoing  velocity, 

True  v^odty  in  mean  direction,  giving  to  the  winds 
from  every  point  of  the  compass  each  their  own 
average  velocity,  as  shown  in  the  table  above, . . 

Bzcesa  of  Uie  latter  over  the  former 
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Let  the  movement  of  a  particle  of  air  be  traced,  which  is 
supposed  to  be  stirred  only  by  the  winds  that  are  found  day 
after  day  at  a  given  place :  at  the  end  of  the  year  the  path  of  the 
particle,  though  entirely  irregular,  will — so  far  as  its  progress 
and  general  direction  are  concerned — be  essentially  the  same 

*  BeeultB  of  Meteorological  Observations,  1854-59.     Vol.  II,  Part  1.— United 
Senate  Document,  36th  Congress. 
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as  the  oorve  more  easily  formed  by  joining  the  four  lines, 
whose  direction  and  length  are  recorded  in  the  resultants  of 
series  I.  On  the  North  American  coast  of  the  Atlantic  the 
curve  is  of  this  general  shape  >^^  while  on  the  European  coast 
the  curvature  is  reversed,  being  ^^.^.  The  change  seems  to 
occur  in  mid-ocean  at  longitude  80^  to  36^  west  Except 
where  there  are  marked  local  obstructions  to  the  free  flow  of  the 
air,  this  law  seems  invariable ;  and  it  holds  in  the  majority  of 
cases,  even  in  the  motion  of  the  clouds;  but  Mount  Washing- 
ton, New  Hampshire,  seems  a  remarkable  exception ;  the  ob- 
servations for  1870-8  give  as  resultants — 

BesultantB.  Ratio.  Monsoon  inflnenoe. 

Spring,  N.  87°  21'  W.  -62  S.  17**  15'  W.  -13^ 

Summer,  N.  62**  33'  W.  -62  N.  12**  30'  E.  -13 

Autumn,  N.  60**  46'  W.  -63^  N.  9**  3'  E.  -15^ 

Winter,  N.  87**  38'  W.  '60  a  9**  1'  W.  -13^ 

These  S-shaped  curves  were  pointed  out  and  illustrated  by 
Professor  CofiGln,  in  1848,  at  the  same  time  that  he  announced 
the  existence  of  the  Polar  system  of  the  northeast  winds,  and 
the  Temperate  system  of  the  westerly  winds.  The  forces  that 
deflect  the  wind  from  its  mean  annual  direction,  and  so  cause 
these  peculiar  curves  are  given  under  the  title  of  Monsoon 
Influences.  Are  they  due  to  changes  in  the  temperature,  or  to 
variations  in  atmospheric  pressure  at  the  different  seasons? 
An  examination  of  the  maps  shows  instantly  that  in  all  parts 
of  the  globe,  these  deflecting  forces  are  inclined  toward  the 
nearest  adjacent  land-center  in  the  summer,  and  toward  the  center 
of  the  nearest  large  body  of  water  in  the  winter,  thus  showing 
the  direct  agency  of  heat  in  modifying  the  direction  of  the  cur- 
rent, and  the  intensity  of  its  flow.  That  barometric  pressure 
however  plays  the  more  important  part  in  effecting  these  seasonal 
changes  of  direction  is  shown  in  Dr.  Woeikof  s  minute  discus- 
sion; wherein,  reproducing  the  isobaric  charts  of  Dr.  Alexander 
Buchan,  he  considers  the  five  wind  systems  in  general,  and 
then  treats  separately  the  winds  in  the  smaller  geographical 
divisions  of  the  earth.  He  corrects  the  error,  so  generally 
prevalent,  of  limiting  the  monsoons  to  the  tropical  part  of  Asia, 
showing  that  they  extend  as  well  to  all  Chma,  Japan,  Mant- 
chooria,  the  western  coast  of  the  Sea  of  Ochotsk;  ana  the  basin 
of  the  Amoor  river;  and,  with  a  reverse  of  seasons,  to  AustraUa 

The  winds  on  the  whole  Atlantic  coast  of  the  United  States 
were  early  shown  by  Professor  Coffin  to  possess  some  monsoon 
features,  though  slight  The  influence  of  the  Gulf  of  Mexico 
over  the  basin  of  the  Mississippi  and  Ohio,  from  latitude  34°  to 
42**,  in  producing  the  west-southwest  direction  of  the  winds  at 
all  seasons,  is  traced  to  the  constant  maximum  pressure  existing 
to  the  south  and  the  mimmum.  to  the  north  and  northeast 
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Dr.  Woeikof  instances  latitude  40^  to  80^  south  as  that  part 
of  the  earth  where  the  winds  have  the  greatest  velocity,  strong 
iresterly  winds  prevailing  there  the  wnole  year:  due  to  the 
jpreat  difference  in  the  pressure  of  the  air  at  a  small  distance,  or 
in  other  words,  the  steep  barometric  gradient  As  to  this 
k>pic,  Professor  Coffin  left  on  record  but  a  few  general  conclu- 
sions, of  which  we  would  note  only  his  determination  of  65^  as 
the  average  angle  made  by  the  line  of  the  wind's  approach, 
with  one  drawn  to  the  point  of  maximum  pressure. 

The  velocity  tables,  elaborately  prepared,  mainly  from  data 
in  the  United  States,  are  designed  to  show  the  effect  of  com- 
bining the  element  of  velocity  with  that  of  time,  in  computing 
bbe  resultants.  The  question  is  one  of  vital  importance,  and 
the  magnitude  of  the  task  alone  hinders  its  being  solved  in  a 
similar  manner  for  all  parts  of  the  world.  Five  years  of  work- 
ing time  were  spent  on  the  reduction  of  the  observations  taken 
at  418  places  on  the  American  continent,  for  a  total  period  of 
700  years.  The  results  show  that  the  effect  of  velocity  is  to 
throw  the  resultant  northerly  far  more  frecjuently  than  south- 
arly,  and  at  a  much  greater  angle;  that  it  increases  its  magni- 
tude far  more  frequently  than  it  diminishes  it,  and  by  a  greater 
amount 

In  the  United  States,  north  of  latitude  82^,  the  annual  results 
obtained  by  noting  the  actual  velocities  average  S.  89® +W., 
with  a  ratio  of  •261 ;  while  those  had  by  disregarding  the  un- 
equal velocities  are  S.  80° +W.,  ratio  -227.  The  divergence  is 
therefore  about  9®  in  the  yearly  resultants,  but  greater  in  win- 
ter, and  less  in  summer. 

This  general  fact  of  a  [northerly]  divergence  and  excess  of 
ratio,  holds  true  also  for  the  few  places  computed,  that  are 
situated  within  the  limits  of  the  Polar  and  Equatorial  systems ; 
yet,  as  the  divergence  seldom  exceeds  15®,  the  great  general 
conclusions  reached  must  be  considered  safe,  although  the 
variation  in  velocity  be  disregarded. 

The  average  velocity,  so  obtained,  of  all  winds  in  the  United 
States,  is  seven  miles  an  hour,  bein^  slightly  in  excess  in  the 
northeastern  part  of  the  Union,  ana  less  in  the  States  nearer 
the  center  of  the  continent 

For  positions  considered  separately,  the  velocity  of  the  wind 
is  greater — 

1.  On  high  isolated  peaks,  than  at  low  stations, 

2.  On  the  seashore,  and  especially  on  isolated  islands,  than 
in  the  interior  of  continents, 

8.  In  level  countries,  than  in  countries  surrounded  by  moun- 
tains; and 

4.  In  prairies,  and  especially  desert  countries,  than  in  wooded 
regiona 
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A  less  velocity  than  the  averaffe  belongs  to  the  winds  of  the 
equatorial  calm-belt,  the  calm-b^ts  at  the  polar  limits  of  the 
trade-winds,  and  the  trade-wind  belts. 

There  is  an  extensive  region  in  the  southwest  of  the  United 
States,  which  has  a  common  yearly  period  of  winds,  different 
as  are  its  geographical  featurea  It  includes  the  extreme  south- 
east of  CaUfomia,  Arizona,  New  Mexico,  Southern  Utah,  Texas, 
Arkansas,  the  Indian  Territory,  Eastern  Colorado,  Eastern 
Wyoming,  Southern  Dakota,  Nebraska,  Iowa,  Elansas,  and 
Missouri  The  winds  are  southeast,  south,  or  southwest  in 
summer,  with  a  great  ratio  of  the  resultant  in  the  south,  dimin- 
ishing toward  the  north  and  east  In  winter  the  winds  are 
mostly  north  and  northwest  This  region  is  equal  to  more 
than  a  million  square  miles,  or  about  one-third  ot  the  United 
States,  without  Alaska. 

A  comparison  of  the  motions  of  clouds  with  the  mean  direc- 
tion of  the  surface  current,  shows  that  they  very  nearly  coincide 
in  nearly  all  regions  of  the  United  States ;  the  former  being 
more  purely  west,  and  having  a  ratio  of  resultant  of  42  per 
cent — nearly  double  that  of  the  surface  current,  which  is  28 
per  cent — thus  showing  a  steadiness  of  motion  admitting  of 
little  monsoon  influence ;  while  the  lower  current  has  a  more 
west-southwest  direction  between  the  Mississippi  and  the 
Appalachian  chain,  and  a  west-northwest  direction  in  New 
England. 

As  the  northern  and  southern  boundaries  of  the  great  west- 
erly current  are  approached — at  least  in  the  United  States — the 
length  of  the  arrows  that  designate  the  cloud  current  decreases 
as  much  below  the  42  per  cent  above  named,  as  they  surpass 
that  figure  in  the  center  of  the  aerial  stream ;  and  thus  the 
southern  limit  of  this  system  of  cloud  motion  seems  to  extend 
down  to  north  latitude  80°,  some  three  degrees  farther  south 
than  is  assigned  to  the  corresponding  system  of  surface  winds. 

The  worK  is  rich  in  tabular  matter,  especially  from  Spain, 
Norway,  Eussia,  Siberia  and  India.  Twenty-six  charts  are 
attached,  in  which  the  general  features  of  the  wind  systems  are 
delineated,  mainly  by  resultants  and  wind-roses;  the  latter 
bringing  into  contrast  the  summer  and  winter  windls.  Horary, 
monthly  and  annual  variation  is  traced ;  and  one  chart  exhibits 
the  connection  of  the  wind  with  fluctuations  in  the  thermometer, 
amount  of  cloudiness,  and  fall  of  rain  and  snow.  The  whole 
forms  a  valuable  summary  of  facts  in  this  department  of 
meteorology. 
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Art.  XXXII. — On  some  Nitro-derivativea  of  DiphenyJamine  ;  by 

Dr.  Peter  Townsbnd  Austen. 

A  preliminary  notice  of  the  following  investigation  was 
published  in  the  Berichte  der  Deut.  Chem.  Ges.,  vol.  vii,  p. 
1248.  I  had  hoped,  long  before  this,  to  have  completed  the 
research  iu  a  more  satisfactory  manner,  but  my  time  having 
been  occupied  with  other  subjects,  I  have  but  recently  been 
able  to  return  to  it 

Pisani*  found  that  trinitrochlorbenzol  acted  on  ammonia, 
and  formed  trinitroanilina  Clemmf  applied  this  reaction  to 
aniline,  and  obtained  a  trinitrodiphenylamine.  In  a  similar 
manner  he  produced  a  dinitrodiphenylamine  by  the  action  of 
dinitrobrombenzol  on  aniline. 

The  reaction  in  all  of  these  cases  is  simple — 

C«H2(NO«)»ClJ+2NH'=(^«H2(NO«)aNn2+NH*Cl 

Several  nitro-derivatives  of  diphenylamine  had  already  been 
discovered  by  Hofinann§  before  the  research  of  Clemm  was 
made.  They  had,  however,  not  been  produced  by  the  intro- 
duction of  a  nitrophenyl-complex  into  aniline,  out  by  the 
direct  nitrition  of  benzoyldiphenylamine,  and  subsequent  elim- 
ination of  the  benzoyl-group. 

The  trinitrochlorbenzol  was  made  by  Clemm's  method  ;  100 
grams  of  picric  acid  were  well  mixed  with  200  grams  of  phos- 
phorous pentachloride,  and  placed  in  a  large  retort  connected 
with  an  inclined  condenser.  On  heating  gently,  the  mass 
b^an  to  fuse,  on  which  the  burner  was  taken  away.  The 
reaction  proceeds  by  itself  and  is  very  violent.     After  the  ces- 

•  Ann.  Cham.  Phann.,  xoii,  326.  f  Jour.  Pr.  Chem.  [11],  i,  145. 

X  On  ^e  ease  of  substitution  of  haloid  atoms  in  nitro-oompounds,  see  mj  Ein- 
leitong  zn  den  aromatischen  Nitroverbindungen,  page  8.  "  Chlorbenzol  lasst 
beim  Behand^  mit  alkoholischem  Anunoniak  unter  keinen  Umstanden  sein 
(%loratom  dnrch  die  Amidognippe  subetituiren.  Chlormononitrobenzol  aber  bei 
echShter  Temperatur ;  Chloidinitrobenzol  bei  lOO*" ;  wahrend  Chlortrinitrobenzol 
sdion  in  der  Kfilte  energisch  auf  Ammoniak  wirkt  Aus  diesen,  wie  aiis  zahl- 
reidien  andem  fthnlidien  Thatsachen,  Ziehen  wir  die  Schlussfolgerung,  dass  die 
Nitrogruppe  die  Anziehung  der  andem  negativen  Atome  lockert  (Vergleiche 
aach  SaUcowski  (Ber.  Chem.  Ges.,  vi,  141),  Engelhardt  und  Latschinoff  (Zeit. 
GbeoL,  1870,  225),  Walker  und  Zincke  (Ber.  Chem.  Oes.,  y,  114).)" 

^  TJmgekehrt  dOrfen  wir  yoraussetzen,  dass  dieselbe  die  Anziehung  der  positiyen 
Gmppen  des  MolekCQs  yerstarken  milsse.  Dass  diese  Voraussetzung  richtig  ist, 
g^t  aoa  dem  Yerhalten  der  Amidognippe  henror.  Behandelt  man  Anilin  mit 
Amjlnitrit,  so  ist  die  Einwirkung  sehr  heftig,  bei  Nitroanilin  weniger,  bei  Dinitro- 
anilin  sehr  ruhig,  wahrend  Trinitroanilin  keine  Reaction  giebt."  According  to 
Kdmer  (Jahresbericht,  1875,  365),  howeyer,  the  weakening  action  of  the  nitro- 
gioop  on  halogens  is  onlj  exerted  when  the  relation  is  1*2  or  1*4,  not  extending, 
however,  to  I'S. 

g  Ann.  Chem.  Pharm.,  oxxxii,  160. 

Am.  Joub.  Sol— Thibd  SnuBS,  Vol.  Xni,  Na  78.— Apbil,  1877, 
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sation  of  the  action,  most  of  the  phosphorous  oxychloride  was 
distilled  oflf.  The  heavy  red  liquid,  remaining  in  the  retort, 
was  poured  into  a  large  excess  of  cold  water  and  violently 
stirred.  After  the  phosphorous  oxychloride  had  been  entirely 
decomposed  by  the  water,  and  the  mass  had  solidified,  the 
impure  substance  was  well  washed  with  water,  powdered,  and 
extracted  with  ether  by  means  of  a  filter  pump.  A  dark-red 
resin  was  by  this  means  removed.  The  bright  yellow  powder, 
left  on  the  filter,  was  dissolved  in  boiling  absolute  alcohol  and 
purified  by  animal  charcoal. 

In  this  manner  beautiful  bright  yellow  crystals  of  trinitro- 
chlorbenzol  were  obtained.  By  drying  they  became  darker. 
The  yield  is  from  80-40  per  cent 

I  obtained  better  results,  however,  by  simply  heating  the 
substances  in  a  high  beaker  glass,  for  I  found  that  a  consider- 
able amount  of  the  chlorpicryl  was  destroyed  during  the  distil- 
lation of  the  phosphorous  oxi^chloride.  -I  found,  also,  that 
the  yield  was  far  better,  when  instead  of  100  grams  of  picric 
acid  and  200  grams  of  phosphorous  pentachloride,  50  grams  of 
picric  acid  and  100  grams  of  phosphorous  pentachloride  were 
taken.  By  this  method  the  conversion  of  tne  picric  acid  into 
chlorpicryl,  the  decomposition  of  the  phosphorous  oxychloride, 
the  extraction  with  ether,  and  the  crystallization  from  alcohol, 
all  together  do  not  take  more  than  an  hour. 

The  trinitrochlorbenzol  fused  at  82*6°-88°.  By  dissolving 
it  in  glacial  acetic  acid,  diluting  the  solution  with  water,  and 
allowing  it  to  stand,  superb  feathers,  frequently  over  two  inches 
in  length,  were  obtained. 

AlphatrinUrophenylmetanitraniline.^ 

Preparation. — 25  grams  of  metanitraniline  (112°)  and  27 
grams  of  chlorpicryl  were  dissolved  in  boiling  absolute  alcohol. 
On  boiling  the  solution  for  a  few  minutes,  the  separation  of  a 
heavy  yellow  crystalline  sand  began.  This  sand  was  not  redis- 
solved  by  addition  of  more  alcohoL  The  solution  was  allowed 
to  cool,  the  precipitate  separated  by  filtration,  purified  by  crys- 
tallization from  glacial  acetic  acid,  dried  at  100**,  and  analyzed. 

Analysis. — A  combuationf  gave — 

0*2744  grms.  of  substance  burned  with  lead  chromate  gave  0414 

gvms.  of  CO'  and  0-582  grms.  of  H«0. 
0-2Y52  grms.  of  substance  gave  V=48*8  cc.  [B=7tf4-8  mm. :  t- 

21  -5°]. 

*  The  trinitrophenyl-oomplez  of  picric  acid  is  in  this  resefiich  distingniBhed  \jj 
the  prefix  cUpha.  The  relation  is  most  probablj  para,  but  it  requiree  experimental 
demonstration.    (Compare  Gnehm.  Inaug.  Diss.) 

f  The  large  number  of  nitro-groups  preseot  in  these  componndi  rendered  tiie 
use  of  an  unusual  amount  of  copper  spiirals  neoeesaiy. 
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(  C«H*{NO«), 
he  formala  N  \  C«H«(NO»)»a=C'«H»N»0« 

(H 

Oalc.  Found. 

L  n. 

C=41-20  41-16  

H=  2-00  2-86  

N=20-06  20-83 

he  mother  liquor  contained  the  nitraniline  chlorhydrate. 
nitraniline  was  precipitated  by  sodium  hydrate  and,  after 
fication,  used  again. 

he  reaction  is  exactly  analogous  to  the  one  representing 
formation  of  trinitroaniline  (loc.  cit.). 

(  C-H*(NO') 
»(NO*)«Cl+2C-H*(NO*)NH"=N  \  C-H«(NO")' 

/H  +  C-H*(N0')NH'-HC1 

ylvbility. — Almost  entirely  insoluble  in  hot  water,  coloring  it 
>w,  however:  hardly  soluble  in  boiling  ether,  carbon  disul- 
le,  carbon  tetrachloride,  chloroform,  and  absolute  alcohol 
Juble  in  chlorhydric,  nitric  (dil.)  and  sulphuric  (dil.)  acids, 
ly  soluble  in  concentrated  sulphuric  acid  to  a  deep  red  wine 
r,  and  is  separated  unchangea  in  the  form  of  yellow  flocks 
he  addition  of  water.  In  aniline  it  is  easily  soluble  with  a 
itiful  red  color.  In  hot  amyl-alcohol  it  is  easily  soluble, 
crystallizes  badly  therefrom.  In  hot  glacial  acetic  acid  it 
asily  soluble,  and  separates  in  the  lorm  of  a  beautiful 
ge-red  crystalline  sand.  Prom  a  solution  in  acetylchloride 
ystallizes  in  small  wine-yellow  transparent  crystals, 
queous  ammonia  dissolves  it  very  easily,  the  solution 
ning  a  splendid  scarlet-red  color.  By  evaporation  it 
rates  unchanged.  In  weak  aqueous  solutions  of  alka- 
it  behaves  as  with  ammonia.  Concentrated  solutions  of 
iim  and  potassium  hydrates,  especially  by  heating,  decom- 
it  with  evolution  of  ammonia. 

roperties, — The  compound  consists  of  a  heavy,  crystalline, 
)w  sand,  fusing  at  205°  to  a  red  liquid  which,  when  undis- 
ed,  solidifies  at  about  175°.  By  careful  heating  it  vola- 
?s  in  the  form  of  a  yellow  powder.  It  bums  with  a  yellow 
nous  flame  when  heated  on  a  platinum  foil,  and  leaves  a 
us  coal.  If  it  be  thrown  on  a  hot  surface  it  explodes  like 
x>wder.     By  percussion  it  is  not  explosive. 

Alphatrinitrophenylparanitraniline. 

reparation, — This  compound  was  made  in  a  manner  similar  to 
►receding  one.  Paranitraniline  (made  by  nitrition  of  acetani- 
elimination  of  the  acetyl-group  by  boiling  with  concen- 
d  chlorhydric  acid,  and  decomposition  of  the  nitraniline 
rhydrate  by  sodium  hydrate)  with  the  calculatjed  ^kXivoxvcvX 


282       P.  T.  Au8ten — Nitro-derivatives  of  Diphenylamint, 

of  picryl  chloride  was  brought  into  solution  in  boiling  absolute 
alcohol.  On  continuing  the  boiling,  a  red  crjstaUine  powder 
separated 

Analysis, — The  substance  was  purified  by  crystallizatioD 
from  glacial  acetic  acid,  dried  at  100^,  and  analy^eo. 

0*2888  grms.  of  substance  burned  with  lead  chromate  gave 
04864  grms.  of  CO"  and  0*5920  grma  of  H«0. 

0*2862   grms.  of  substance  gave   V=49-8  c.c   [B=767mm.; 
<=28*'J. 

(  C«H*(N0«), 
The  formula  N^  C«H«(N0«)8a=C««H''N»0« 

(H 

Calc  Found. 

I.  n. 

C=41-26  4112  

H=  200  2-27  

N  =20-06  20-07 

Solubility, — ^The  solubility  of  this  compound  is  nearly  the 
same  as  the  preceding  one,  being,  in  general,  somewhat  higher. 
In  aqueous  ammonia  it  is  easily  soluole  to  a  red  color.  Acids 
precipitate  it  unchanged  from  this  solution.  From  alcoholic 
ammonia  it  crystallizes  in  beautiful  glittering  leaves. 

It  dissolves  in  a  warm  solution  of  sodium  carbonate  to  a 
scarlet-red  color.  On  cooling,  violet  needles  separate.  This, 
without  doubt,  is  the  sodium  salt  of  the  alphapicrylparanitraDi- 

(C«HHNO> 
line,  N-^C«H»(NO")'a.     The  needles  are  soluble  in  alcohol 

(Na 
and  water,  and  are  decomposed  by  acids. 

It  is  insoluble  in  an  aqueous  solution  of  ammonium  car- 
bonate. Easily  soluble  in  amyl  alcohol,  crystallizing  therefrom 
in  bright,  glittering,  yellow  scales.  In  aniline  it  dissolves 
easily,  and  separates  on  evaporation  in  a  crystalline  form.  It 
is  also  quite  soluble  in  benzoyl  chloride,  acetyl  chloride,  ben- 
zyl chloride  and  chlorbenzol. 

Properties, — In  general  this  compound  seems  to  possess  more 
acid  properties  than  its  isomer.  The  pure  substance  fuses  at 
216°. 

DinitrophenylmetanUraniline, 

Preparation, — Calculated  amounts  of  dinitrobrombenzol  (pro- 
duced by  nitrition  of  brombeozol)  and  metanitraniline  were 
rubbed  to  a  pap  with  absolute  alcohol,  and  the  mixture  heated 
twenty  hours  at  100®  in  a  closed  tuba  The  reaction  took 
place  in  the  most  satisfactory  manner. 

On  cooling,  the  tube  contained  hard  brown  crystals.  They 
were  washed  on  a  filter  with  warm  alcohol  until  the  filtrate 
contained  no  trace  of  nitraniline  chlorhydrate. 
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AncUysis, — ^The  substance  was  purified  by  repeated  crystal- 
ization  from  an  excess  of  glacial  acetic  acid,  dried  at  100^  and 
inalyzed. 

)'2780  grms.   of  substance  burnt  with  lead   chromate  gave 
0O896  grms.  of  H«0  and  0-4844grms.  of  C0«. 

)'2822  grms.  of  substance  gave  V  =46  c.c   [B=757'2  mm. ; 
<=22-2^. 

(  C«H*(NO«)^ 
The  formula  N  \  C«H«(NO«)«  =C»«H»N*0« 

(H 

Calo.  Foond. 

L  n. 

0=47-36  47-81  

H=  2-63  3-67  

N=18-42                            *               18-66 

Sohibility. — The  substance  is  insoluble  in  water,  alcohol  and 
^ther.  Difficultly  soluble  in  boiling  glacial  acetic  acid.  It  is 
loluble  in  an  excess  of  boiling  chloroform,  separating  in  small 
yellow  crystals. 

P/-(>pfr/i€5.-T  Small  flittering  yellow  crystals,  fusing  at  189®* 
o  a  red  liquid.  With  alkalies  it  behaves  in  the  same  manner 
IS  the  trinitrophenylparanitraniline. 

DinitrophenylparanitranUine, 

Preparation. — The  calculated  amounts  of  dinitrobrombenzol 
ind  paranitraniline  were  treated  as  in  the  production  of  the 
precraing  compound.  On  cooling  the  tube  contained  a  mass 
)f  dark-red  crystals.     They  were  washed  with  dilute  alcohol. 

A^ialysis. — As  the  substance  did  not  crystallize  from  any 
lolvent,  it  was  purified  by  solution  in  glacial  acetic  acid  and 
3recipitation  by  water.  In  this  manner,  bright  yellow  flocks 
jvere  obtained.  After  three  repetitions  of  the  solution,  precipi- 
ation,  and  washing,  the  substance  was  dried  at  100°  and 
malvzed. 

)'8080  grms.   of  substance  burnt  with  lead  chromate  gave 

0-6886  grms.  of  00«  and  0-0912  grms.  of  H«0. 
)-2848  grms.  of  substance  gave  V= 87-6°  [B= 755-8  mm.;  ^=19*']. 

(  0«H*(N0a)^ 
The  formula  N  \  C«H8;NOa)%=0'2H«N*0« 

(H 

Calc  Found. 

L  n. 

0=47-36  47-68 

H=  2-68  3-29  

N=18-42  18-29 

*  WQgerodt  announced  (in  Ber.  Chem.  Ges.,  iz,  11*78)  a  dinitrophenylmelani- 
raniliiie  which  he  had  produced  by  the  action  of  aC^H'(N0'}'Gl  on  metani- 
raoiline.  This  is  perhaps  identical  with  my  compound,  although  he  finds  a 
using  point  of  194-5". 
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Solvbilitjj. — The  sabstaDce  is  easily  aolubk  in  cold  glacial  acetic 
acid.  It  here  shows  a  striking  difference  from  the  dinitro- 
phenylmetanitraniline  which  is  aifficuUly  solvble  in  boiling  glacial 
acetic  acid.  It  is  difficultly  soluble  in  cold  absolute  alcohol, 
easily  in  hot. 

Properties. — The  compound  forms  a  light-yellow  and  extra- 
ordinarily light,  elastic  and  electric  powder.  It  fuses  at  181**. 
Owing  to  the  small  amount  of  the  substance  at  my  disposal,  I 
have  not  been  able  to  investigate  its  properties  more  thoroughly. 

Since  the  picrylnitranilines  contain  the  mononitrophenyl- 
group,  it  appeared  extremely  probable  to  me  that  a  further 
nitrition  could  be  effected.  In  this  case,  since  the  trinitro- 
phenyl-group  seems  to  be  the  limit,  of  direct  nitriti(»n  of  the 
phenyl-group,  I  could  predict*  that  by  the  nitrition  of  the 
picrylnitranilines,  higher  nitro-members  would  be  formed,  and 
that  the  nitro  groups  would  enter  into  the  mononitrophenyl- 
group.  If,  then,  by  the  nitrition  of  the  picrylnitranilines, 
higher  isomeric  uitro-compounds  were  obtained,  the  isomerism 
must  reside  in  the  uitrized  mononitrophenjrl-group,  since  the 
trinitrophenyl-group  remains  unchanged  during  the  nitrition.f 

It  is,  however,  very  possible  that  in  one  of  the  resulting  com- 
pounds the  two  picryl-groups  may  be  identical. 

Since  the  positions  of  the  nitro-gi*oups  in  these  dipicrylamines 
has  not  been  ascertained,  I  shall  represent  the  tnnitrophenyl- 
group  of  picric  acid  by  «',  and  the  dinitromononitrophenyl- 
groups  of  meta  and  paranitraniline  by  /^  and  y  respectively. 
Only  two  of  these  picryl-groups  can  be  identical. 

*  Supposing  that  the  imido-g^up  would  withstand  the  action  of  the  nitroos 
acid 

f  That  is,  we  8upp(»se  it  does.  The  supposition  will  doubtless  remain  sjnoity- 
mous  with  the  fact  for  some  time  to  oome.  Picric  acid  remains  unclumged  bj  £e 
action  of  nitrizing  agents.  Hence  we  suppose  that  this  trinitrophenyl-group 
when  combined  in  the  picrylnitraniline  also  remains  unaltered  during  nitrition. 
I  have  no  proof,  however,  that  the  introduction  of  two  nitro-groupe  into  the  mono- 
nitrophenyl-group  does  not  exert  a  displacing  action  on  the  members  of  the 
picryl-group. 

In  nitrizing  the  paradibrombenzol,  I  find  that  the  relative  amounts  of  isomers 
formed  are  not  constant.  This  seems  to  depend  on  the  strength  and  the  amounts 
of  the  acids  used  as  well  as  on  the  duration  and  temperature  of  the  heating.  I 
am,  at  present,  endeavoring  to  determine  this  more  exactly,  in  the  hope  of  being 
able  to  produce  more  of  a  given  isomer  at  will. 

An  interesting  field  is  opening  in  regard  to  whether  several  isomers  are 
formed  at  once,  or  whether  one  is  formed  first  and  the  others  from  it  by  atomic 
migration.  If  the  latter  is  the  case,  then  the  production  of  relative  amounts  of 
isomers  is  partly  under  control.  In  this  connection  it  is  interesting  to  remark 
that  Doer  (Ber.  Che^  Gres.,  v,  795.  Compare  Hlasiwetz,  Wien.  Acad.  Ber., 
xxiv,  237)  by  nitrition  of  diphenylmethane  obtained  a  dinitro-compound,  while  by 
oontiniied  digestion  of  the  nitrition  mixture  he  got  an  isodinitro-compound.  1*4 
nitrophenol  is  formed  in  the  cold,  the  1*2  compound,  however,  by  heating  (Jahret- 
berichty  1875,  364). 
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AlphapioiiyibeUipierylamine, 

Preparation. — The  alphapicryl-metanitraniline  was  added  in 
small  portions  to  a  cooled  mixture  of  equal  volumes  of  filming 
nitric  and  concentrated  sulphuric  acids.  The  liquid  became 
hot,  and  a  violent  reaction  set  in.  After  the  reaction  had  sub- 
sided, the  liquid  was  poured  into  cold  water.  A  bright  sul- 
phur-yellow cream  was  in  this  manner  obtained.  If,  however, 
the  acid  solution  is  boiled  for  half  an  hour,  the  substance  is 
completely  destroyed,  and,  on  pouring  the  liquid  into  water, 
only  a  resin  is  obtained. 

After  washing  out  the  acid  with  water,  the  cream  was  well 
extracted  with  alcohol,  by  which  means  a  resin,  giving  a  deep 
orange-red  solution,  was  removed.  The  substance  was  then 
dissolved  in  boiling  glacial  acetic  acid,  and  precipitated  by 
concentrated  chlorhydric  acid,  well  washed  with  dilute  chlor- 
hydric  acid,  dissolved  again  in  boiling  glacial  acetic  acid, 
boiled  some  time  with  animal  charcoal,  filtered,  and  allowed  to 
crystalliza 

Analysis. — A  portion  of  the  substance  was  purified  by  crys- 
tallization from  glacial  acetic  acid,  dried  at  100  ,  and  submitted 
to  analysis. 

0-2876  grms.   of  substance  gave  0*8490  grms.  of  CO*   and 

0-0404  grms.  of  H«0. 
0-2924  gnns.  of  substance  gave  0-8588  grms.  of  C0»  and  0-0404 

grms.  of  H'O. 

(  C«H«(NO«)«^ 

The  formula  N  \  C«H«(NO«)3a=C»«H»N70»« 

(H 

Cala  Eound. 

L  n. 

C=32-8  33-09  32-99 

H=  1-18  1-66  1-63 

Solubility. — It  is  almost  insoluble  in  hot  water,  coloring  it, 
however,  slightly  yellow.  Chlorhydric,  nitric  and  sulphuric 
acids  do  not  increase  its  solubility  in  water.  In  hot  amyl  and 
ethyl  alcohols  it  is  almost  insoluble,  hardly  soluble  in  ether, 
carbon  tetrachloride,  carbon  disulphide,  and  chloroform.  In 
cold  glacial  acetic  acid,  difficultly  soluble,  in  the  hot  acid,  it 
dissolves  easily.     In  aniline,  it  is  easily  soluble. 

In  aqueous  ammonia,  sodium  and  potassium  hydrates,  it  dis- 
solves easily  with  a  superb  scarlet  color. 

Properties. — Impalpable  bright  sulphur-yellow  powder.  By 
careful  crystallization  from  glacial  acetic  acid,  it  can  be 
obtained  in  small  transparent  glittering  crystals.  It  fuses  at 
261°  to  a  red  liqjuid,  which  at  176°-170°  solidifies  to  a  red 
glasa  By  touchmg  it  with  a  hard  object  when  in  a  liquid 
state,  it  solidifies  to  a  yellow  amorphous  mass. 
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Yapors  of  ammonia  tarn  it  scarlet  By  boiling  with  mode- 
rately concentrated  solutions  of  sodiam  and  potassium  hydrates, 
it  decomposes  with  evolution  of  ammonia.  In  an  aqueous 
solution  of  sodium  carbonate  it  dissolves  easily,  forming  the 
sodium  salt 

By  addition  of  water  to  the  boiling  glacial  acetic  acid  solu- 
tion, a  thick  precipitate  is  formed,  which,  after  crystallization 
from  glacial  acetic  acid,  showed  a  fusing  point  of  205^,  and  on 
analysis  proved  to  be  the  original  picrylmetanitraniline  from 
which  this  dipicrylamine  had  been  prepared.  By  the  addiUon^ 
then,  of  water  J  to  the  boiling  solution  in  glacial  acetic  acid,  the  alpha- 
betadipicrylamine  loses  two  nitro-groups  and  is  converted  back  into 
the  picrylmetanitraniline. 

The  dipicrylamine  does  not  explode  by  percussion.  If 
heated,  it  puffs  with  a  white  luminous  flame,  and  leaves  a  light 

Eorous  coal.     It  explodes  with  violence  when  thrown  on  a 
ot  platinum  foil. 

Alphapicrylgammapicrylamine. 

Preparation.—  This  compound  was  prepared  by  nitrition  of  the 
picrylparanitraniline  in  the  same  manner  as  in  the  case  of  the  pre- 
ceding compound.  On  pouring  the  resulting  mixture  into  cold 
water,  the  substance  separated  as  a  light  greenish-yellow  cream. 
After  extraction  with  alcohol  it  was  crystallized  from  glacial 
acetic  acid,  dried  at  100°,  and  analyzed. 

Analysis, — 

0*2886  grms,  of  substance  burnt  with  lead  chromate  gave  0*8480 

grms.  of  C0«  and  0*0486  grms.  of  H«0. 
0*2792  grms.  of  substance  gave  V=54-8c.c[B^75t)~«°;  t=22°], 

i  CeH«(N02)V 
The  formula  N  \  C«H«(NO«)»a=C'aH»N^O*-' 

(H 

Calc  Found. 

L  n. 

C=32-80  32-08  

H=   118  1-70  

N=:22-32                            21-91 

Solubility, — The  solubility  is  about  the  same  as  that  of  the 
preceding  compound. 

Properties. — Small  transparent  glittering  light-yellow  prisms 
with  a  green  reflex.  It  fuses  at  280°  with  effervescence  and 
decomposition.  It  puffs  on  being  heated,  and  explodes  with 
violence  when  thrown  on  a  hot  surface.  With  alkalies,  it 
behaves  like  the  alphabetacompound. 

I  have  already  mentioned  that  these  compounds,  particularly 
the    dipicrylamines,  give    fine    scarlet    colors  with  alkalies. 
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A.coording  to  Hofmann,  the  mono-  and  dinitrophenylamines 
pve  similar  ones.     This  fact  was  substantiated  by  Clemm. 

I  find  that  these  colors  are  caused  by  the  formation  of  salts 
>f  the  nitrodiphenylamines.  The  hydrogen  atom  of  the  imido- 
px>up  has  become  so  negative  by  the  introduction  of  the  nitro- 
j^upSy  that  it  can  easily  be  substituted  by  basic  atoms.  It 
■eacts  easily,  indeed^with  carbonates  of  the  alkalies. 

or  the  numerous  salts  of  these  compounds  which  I  have 
prepared,  I  have  as  yet  had  time  only  to  investigate  one — the 
3anum  salt  of  the  alphabetadipicrylamine. 

BaHumHUphapicrylbetapicryldiarnine. 

Preparation. — The  a/?-picrylamine  was  added  to  an  aqueous 
3ap  oi  barium  hydrate  (or  carbonate).  The  dipicrylamine  dis- 
K>jved  immediately  with  a  deep  intense  red  color.  The  solution 
i^as  boiled  for  a  few  minutes  and  then  evaporated  on  a  water- 
3ath.  After  a  sufficient  concentration  haa  been  obtained,  the 
solution  was  allowed  to  stand.  A  beautiful  crystallization  of 
iark-red  needles  was  obtained.  They  were  purified  by 
repeated  crystallization  from  water. 

Analysis. — A  portion  of  the  needles  were  dried  at  100°  and 
nixed  with  sodium  carbonate  and  nitrate.  Some  sodium  car- 
Donate  was  then  fused  in  a  platinum  crucible,  and  the  mixture 
idded  to  it  in  small  portions.  The  resulting  solution  was  kept 
n  fusion  about  five  minutes,  and  then  allowed  to  cool.  After 
t  had  become  quite  cold  it  was  dissolved  in  very  dilute  chlor- 
ijdric  acid,  filtered,  the  solution  brought  to  boiling,  and  pre- 
jipitated  with  sulphuric  acid. 

)-4012  grms.  of  substance  gave  0*0908  grms.  of  BaSO*. 


The  formula  Ba 


j  C«Ha(NO«)3/9 


IS 


!«H«(NO«)»a 
Calc.  Found. 

Ba=13-62  13-30 

The  reaction  by  which  this  barium  salt  is  formed  is  very 
limple : 

2(NII[C*H'(N0')T)+Ba(0H)'=Ba[N(C*H*(N0')«)']'+H'0 

Solubility. — Quite  easily  soluble  in  boiling  water,  less  so  in 
ilcohol. 

Properties. — Small,  dark  saffron  red  glittering  needles.  It 
leems  to  have  enough  basic  properties  to  fonii  salts  with 
veak  acids.  This  interesting  fact  I  hope  shortly  to  prove.  If 
t  be  brought  into  a  flame,  it  explodes  in  a  remarkable  manner, 
lying  through  the  air  with  brilliant  coruscations,  and  giving  a 
)eaatiful  barium-flame.  Thmwu  on  a  hot  surface  it  explodes 
nth  great  violence. 
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With  the  hydrates  and  carbonates  of  the  metals,  the  dipicryl- 
amine  yields  in  the  same  manner  Qne  salts. 

The  most  beautiful  salt  which  I  have  yet  obtained  is  the 
ammonium-alphagammapicrylamina  It  crystallizes  in  superb 
intense  red  transparent  rhombohedrons  (?).  Whether  it  is 
identical  or  only  isomeric  with  the  dvestuff  "  Aurantia,"  which 
is  now  produced  on  a  large  scale,  I  have  not  had  an  opportu- 
nity of  ascertaining. 

By  treatment  of  the  sodium  salts  of  the  dipicrylamines  with 
picrjlchloride,  a  reaction  takes  place  doubtless  with  the  forma* 
tion  of  the  tertiary  picrylamine,  N(C«H2(N0»)')'. 

Immediately  after  the  publication  of  my  preliminary  notice, 
Gnehni*  announced  some  new  nitrodiphenylamines  which  he 
had  obtained  by  nitrition  of  methyldipheny famine,  the  methyl- 
group  having  been  eliminated  during  the  operation.+ 

The  following  table  will  show  the  vanous  nitrodiphenyl- 
amines known,  their  method  of  preparation,  and  properties. 


Ko.  Batlonftl  Fornmlft. 

(C«H» 
L  N  -^  C«H^NO«) 

(CO.C«H* 

(C«H» 
n.  N  -^  C«H\N0«) 

(  0«H*(N0«) 
N-^C«H^N0«) 
(C0.0«H» 

(  C«H*(N0«) 
N  \  C*H*(NO«) 
(H 


Empirical  For> 
mola. 


Bemtfka. 


C"H^*N»0» 


HofDumn,  HNO*  on 
Light-jellow  orystala. 


C»HWN«0«  Do.,  NaOH  on  No.  I. 


in. 


IV. 


0"H»»NH>» 


C»«H»N«0* 


V. 


N^ 


C«H8(N0«)«« 
(H 


OWH'NKH 


Do.,  fuming  HNO*  on 

Deep  yeUow  crystalline  substance. 

Do.,  llaOH  on  No.  III.  Red. 
yellow  needles  with  metallic  bloe 
reflex 

Cleinm,  C«H^N0«)«Br  on  C«H» 
NH*.  Long  thin  scarlet-red  or 
red-yellow  glittering  needles. 
Fuses  at  163'.  Wilgerodt, 
a.C«H«(N0«)«Cl  on  alcohoUc  H*S- 
solution  of  aniline.   Fuses  at  1 56^ 

*  Ber.  Chem.  Ges.,  vii,  1399. 

f  The  elimination  of  a  group  during  nitrition  is  quite  frequent.  Tribrommethyl- 
diphenylamine  gives  dibromtetranitrodiphenylamine  [Gnehm]  (Ber.  Chem.  G^, 
yiii,  930):  tetrahydroisoxyloldicarboxyl  (camphoric  acid)  yields  trinitroisoxylol, 
under  elimination  of  hydroxyl  and  carboxyl  [Wreden]  (ibid.,  v,  1106):  many  sul-' 
phonic  acids  part  with  the  sulpho-group  during  nitrition.  Cresolsulphonic  acid 
g^yes  trinitrocresol  [Duclosl  (Ann.  Chem.  Pharm.,  cix,  135)  and  dinitrocresol  [Arm- 
strong and  Field]  (Chem.  News,  xxvii,  318);  dichlorphenolsulphonic  acid  yields  a 
nitrochlorphenol  [Armstrong]  (Chem.  Soc.  Jour.  [2],  ix,  1112):  monochlorphe- 
nolsulphonic  acid,  from  solid  chlorphenol,  gives  dinitrochlorphenol  [Petersen  and 
Baehr-Predari]  (Ann.  Chem.  Pharm.,  dvii,  121):  the  monochlorphenolsulphonic 
acid  from  liquid  chlorphenol  behaves  in  a  similar  manner  [Armstrong  and  Prevost] 
(Ber.  Chem.  Ges.,  vii,  404):  sulphopodocarpinic  acid  yields  dinitropodocarpiDic 
acid  [Oudemans]  (ibid.,  vii,  1317).  By  nitrition  of  benzoylnaphthylamine,  Hubner 
and  Kbell  (Ann.  Chem.  Pharm.,  clxx,  212)  think  they  obtained  a  smaU  amount  of 
nitronapthylamine.  In  the  nitrition  residues  of  diphenyl,  Fittig  (ibid.,  cxziv,  275) 
detected  amall  amounts  of  mtrobenzoV. 
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.  __,  Do..  C'H»(NO*)»a  on  C^'NH». 

v"  jbUow.     PuseBflt  llSv 

(0«'(NO%  Aiuiteo,   C'H^NO'J^r  on  m- 

N  { CH^HO')'.  CHWO"        nitrsLaine.    Small  glittering  yet 

(  H  low  cryetals.     Fuses  at  18tl  . 

( fMo«(Nnn.  ^''-  ^'HXSO'l-Br  OE  y-mtran- 

)h  O'H^'O'        ponder.     ^^Bily  soluble  in  cold 

t  ■'*  glacial  acetic  acid.    Fuses  at  181'. 

(  Cm«(NO»).  Do.,  CH*(  N0'1"C1  on  m-nitran- 

N  ■{  Ca^OVn       '  CHTN'O'        ilino.     Heavy  cryai,  yellow  sand, 

f  H  or  wine-jellow  trsnspnreQt  cryl- 

N-j^H^O')'o  C'HTJ'O'        jiinp     Red  crystalline  powder,  Or 

( ^  glitteriDg  scales.     Fuses  ftt  116°. 

( (7H*(N0'W  Ho-,  nitrilion  of  IX.    Fnaea  at 

N  J  CW(NO^a  CH'SK)"       361°.     Impalpable  liriKht  yellow 

(  H  powder  or  gmnll  IranapitreDt  gliS- 

(rHKWwrtniv  tering  yellow  crystals. 

I  CIP(HOTJ'  Do      nilrilion   af    I.      Small 

N  J  O^NO'i'o  C'H'N'O"       transpsreot  gliliering  bright  tbI- 

( "  low  prisms  with  green  reSez. 

,„1 :^ rP        «.—„„,«.„       Do.,   B«(OH)'   on   XI.      Dark 

(J"ira*"0'^BasagroQred    glilSering      needles. 
Explodes  on  beating. 

Qnehin,  nitriUoD  of  diphenjla- 

mine.    Traiuparant  liglit-;ello« 

Fusea  at  23S*. 


(OWlNOTI 


■,    nJcti^novt 


c"H'iro" 


C'lPN'O" 

Do.,  nitrition  of  HN  j  o<H»BH 
C'H'B'BHO'y^jjj,^  pearly  leavea  or  rhombfa 
tablets.  Fuses  at  235°-240°-2«°. 
Austen,  CH'.NH' on 

C'H'N'BrO*    BggmUui  ^d-oran^,  fine  hairy 
needles.    Fusee  at  120°.    (This 

Jdurnul.  Jii,  iia) 
PiiwiNinrfM        Oo.,  nitrition  of  SYU.     SmaU 
t'HMBrO'    bro^^eooea.    Fuses  at  167-6°. 
Wilgerodt,   o-C«IP(NO'TOl  on 

fmu-atcn       beniidjue.    Short  bluish  browa- 
^   **  "^^      red    needles.      Fuses   «t    366', 
(Ber.  Chem.  Gee.,  ii,  91T.) 

Do.,  formed  with  XIX.  Yel- 
low pulverulent.  .^L  in  cone. 
ii'SO*  with  a  violet  color.    Fuses 


Lauhenheii 
C'll-^SO'irlm.     NO'  on  ani 
Long  glittering  alizarine-red 
dies.     Fuses  at  1086°. 


Action    of 
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Art.  XXXIIL — Note  on  Mineral  Analysis;  Notes  upon  some 
Fluorides;  and  Note  on  Molecular  Volumes;  by  F.  W.  Clabke, 
S.B.,  Professor  of  Physics  and  Chemistry. — Laboratory  Notes 
from  the  University  of  Oincinnati.     Nos.  1  to  III. 

I.  Note  on  Mineral  Aualyns. 

In  1868,*  the  writer  called  attentioQ  to  the  fact  that  certain 
very  refractory  miuerals  are  easily  rendered  soluble  by  fusion 
with  a  mixture  of  sodium  fluoride  and  acid  potassium  sulphate. 
He  now  dnds  that  in  many  cases,  and  witn  but  little  loss  of 
power,  common  salt  may  replace  the  fluoride,  the  mode  of 
manipulation  remaining  tne  same.  The  finely  pulverized  min- 
eral IS  to  be  mixed  with  three  parts  of  the  chloride  in  a 
capacious  platinum  crucible,  and  the  mixture  covered  with 
twelve  or  fifteen  parts  of  the  acid  sulphate  in  small  fragments. 
The  fusion  is  then  performed  over  an  ordinary  Bunsen's  flame, 
and  in  five  or  six  minutes  is  complete.  The  fused  mass,  after 
cooling,  detaches  readily  from  the  crucible,  and  shows  upon 
its  smooth  under  surface  no  traces  of  un decomposed  assay. 

This  method  is  not  by  any  means  equal  to  the  original 
process  with  sodium  fluoride,  either  in  speed  or  in  generality 
of  application ;  still,  in  some  cases,  it  is  convenient  Sodium 
fluoride  is  expensive,  and  not  always  immediately  to  be 
obtained ;  hence  the  desirability  of  a  substitute  Perhaps  my 
new  observation  might  better  be  stated  thus:  that  whenever  a 
mineral  is  resolvable  by  fusion  with  the  acid  sulphate  alone, 
the  action  is  very  much  facilitated  by  the  addition  of  common 
salt 

The  new  fusing  mixture  will  probably  prove  to  be  most 
serviceable  in  the  analysis  of  refractory  iron  ores  and  of 
chromite.  The  latter  mineral,  after  fusion  with  chloride  and 
bisulphate,  furnishes  a  green  mass  completely  soluble  in  dilute 
hydrochloric  acid.  Or  this  mass  may  be  treated  directly  with 
strong  nitric  acid  and  potassium  chlorate,  after  the  method  of 
Storer  and  Pearson,  and  all  the  chromium  oxidized  at  once  to 
chromic  acid.  Precipitation  of  the  chromium  as  mercuroas 
chromate  is  then  possible,  but  not  wholly  convenient  Several 
unsuccessful  efforts  were  made  to  carry  out  the  oxidation  of 
the  chromium  in  the  course  of  the  fusion  itselt  With  the 
sodium  fluoride  or  chloride,  sodium  nitrate  or  potassium  chlo- 
rate was  mixed.  Then  upon  fusing  with  the  acid  sulphate, 
fmrtial  oxidation  ensued,  but  in  no  case  did  more  than  a  small 
raction  of  the  chromium  seem  thus  to  be  affected. 

*  This  Journal,  March,  1868. 
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IL  Notes  upon  some  Fluorides, 

Nickel Jluoride. — This  salt  was  prepared  by  dissolving  nickel 
^drate  in  aqueous  hydrofluoric  acio.  Upon  concentrating  the 
Gurk  ereen  fluid  a  granular  mass  of  crystals  separated  out ;  which, 
xx>raing  to  water  determinations  made  by  Mr.  John  Hagemann, 
Gui  the  composition  NiF,.8H,0.  The  last  portions  of  water 
eye  retained  up  to  the  temperature  of  180^  Percentage  of  water 
mnd,  85-98;  calculated,  85*81.  Specific  gravity,  2  014  at  19°. 
'he  anhydrous  fluoride,  NiF,,  had  the  density  2'856  at  14**. 
'hese  specific  gravity  determinations  were  made  in  an  ordinary 
pecific-gravity  bottle,  chloroform  being  the  liquid  employed. 

On  two  accounts  these  observations  are  interesting.  First, 
ecause  the  hydrated  salt  is  evidently  new,  the  crystallized 
ickel  fluoride  described  by  Berzelius  having  contained  but 
wo  molecules  of  water.  Secondly,  the  molecular  volume  of 
16  water  in  this  new  hydrate  is  18*65;  corresponding  very 
k»ely  with  the  average  value  of  18*76,  deduced  oy  the  writer 
x>m  the  study  of  over  thirty  different  salts,  and  stated  in  his 
aper  of  two  years  ago.* 

Attempts  to  prepare  a  double  fluoride  of  nickel  and  silver 
let  with  but  indinerent  success.  In  several  experiments  the 
iixed  solutions  of  the  two  fluorides  yielded  upon  concentrating 
nly  the  nickel  salt  alone;  the  silver  compound  apparently 
ecomposing.  In  one  instance,  however,  pale  apple-green 
eedles  were  deposited,  mixed  with  some  microscopic  rhombo- 
edrons.  Upon  recrystallizing,  about  two-tenths  of  a  gram  of 
tiesa  crystals  were  obtained,  both  forms  being  represented,  and, 
>  the  naked  eye,  both  consisting  of  one  and  the  same  substance. 
L  qualitative  examination  showed  them  to  be  a  true  double 
uoride of  nickel  and  silver,  highly  hydrated;  but  not  sufficient 
1  quantity  for  a  thorough  analysis.  The  silver  in .  them 
mounted  to  a  trifle  less  than  twenty  per  cent,  a  proportion 
rhicb  agrees  with  no  probable  formula. 

Zinc  fluoride, — The  only  new  fact  forme  to  record  concerning 
his  salt  is  its  deusitv.  Two  distinct  samples  of  the  crystalliz^ 
ompound,  ZnF..4&,0,  obtained  from  a  solution  of  zinc  in 
ydrofluoric  acid,  gave  respectively  2*567  at  10®,  and  2*585  at 
2®.  The  anhydrous  fluoride  gave  in  one  experiment  a  spe- 
ific  gravity  of  4*556  at  17°,  and  in  another  4*612  at  12°. 
?hese  figures  are  noticeable  from  the  fact  that  they  do  not 
gree  witn  the  usual  molecular  volume  of  water  of  crystalliza- 
ion.  They  yield  a  volume  of  water  ranging  from  11*4  to  11*8 ; 
n  amount  considerably  below  the  usual  value.  I  will  not  now 
azard  any  conjectures  as  to  the  meaning  of  this  apparent 
xception. 

*  This  Journal,  December,  1874 
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The  writer  has  tiao  determined  the  specific  gravities  of 
several  alkaline  fiaorides,  ns  follows:  Lithiam  flaoride,  2'295, 
21*5^;  sodium  fluoride,  2*558,  14*5^:  potassnam  fiaoride,  2*096, 
21  "S"^.  According  to  Bodeker^  potassiam  fiaoride  has  a  density 
of  2'454  at  12^.  Theoretical  considerations,  to  be  cited  in  the 
third  part  of  this  paper,  sustain  ihe  lower  Tidne  as  obtained  by 
me.  An  examination  of  mbidium  fluoride,  made  upon  a  veiy 
nnall  quantity  of  material,  maj  not  prove  to  be  wnoUy  trust- 
worthy. It  gave  a  specific  gravitv  or  S*  102  at  17^.  Rubidium 
carbonate  was  dissolved  in  hydrofluoric  acid,  the  solution  evap- 
orated to  dryness  in  a  platinum  dish,  and  the  residue  fused  at 
a  heat  just  below  redness.  The  molten  fluoride  was  so  trans- 
parent as  to  be  alm>st  invisible  in  the  vessel  containing  it :  but, 
upon  cooling,  it  became  white  and  opaque,  and  contracted  so 
strongly  as  to  split  up  into  several  fragments.  This  salt  is  ex- 
tremely deliquescenL 

Attempts  to  pre^re  fluorides  of  gold  and  platinum  were  wholly 
unsuccessful.  Still,  results  were  obtained  which  may  be  worth 
recording.  To  a  solution  of  cold  chloride,  silver  fluoride  was 
added^  in  order  that  by  double  decomposition  silver  chloride 
might  be  thrown  down  and  gold  fluoride  formed.  In  &ct, 
however,  there  fell  a  pale-brown  precipitate  which  grew  rapidly 
darker  in  color,  and  which  consisted  of  silver  chloride  mixed 
with  gold  oxide.     The  reaction  may  be  expressed  as  follows : 

2AuCl,-f6AgF-f8n,0=Au,03-f6AgCl+6HF. 

With  platinum  tetrachloride  and  silver  fluoride  a  pale-yellow 
precipitate  was  formed,  containing  platinum  dioxide,  thus: 

PtCl,  -f  4AgF-f  2H,0=PtO,  -t-4AgCl-f  4HF. 

The  same  precipitates  are  formed  when  silver  nitrate  is  used 
instead  of  fluoride,  nitric  acid  being  set  free  in  place  of  hydro- 
fluoric. This  has  long  been  known,  the  reactions  being  new 
only  in  so  far  as  they  involve  the  effect  of  silver  fluoride.  This 
statement  is  made  so  that  perhaps  some  other  investigators  may 
be  saved  from  tedious  and  fruitless  experimenting. 

TIL  Note  on  Molecular  Volumes. 

Several  years  ago,  in  a  series  of  papers  upon  atomic  or  molec- 
ular volumes,  I  pointed  out  some  curious  multiple  relations 
connecting  both  elements  and  compounds.*  For  example,  I 
found  that  a  simple  relation  of  this  kind  connected  the  alkaline 
metals  with  each  other;  and,  later,  that  the  haloid  salts  of 
some  of  these  metals  had  molecular  volumes  multiples  of  that 
of  hydrogen.  For  this  latter  relation,  however,  my  materials 
were  meager.     I  had  then  the  specific  gravity  determinations 

*  This  Journal,  liarch  and  May,  1869 ;  September,  1870. 
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Clj  NaCl,  KCl,  NaBr,  KBr,  Nal,  and  KI,  or  seven  corn- 
Is  in  all.  To  these  I  added,  though  unsatisfactorily,  the 
ponding  salts  of  silver,  making  a  list  of  ten  bodies  closely 
1,  and  giving  volumes  maltiples  of  6*5,  the  valae  assigned 
>pp  to  hydrogen  in  its  liqnia  compounds,  at  their  boiling 
L  This  relation  I  am  now  able  to  extend,  partly  by  new 
y  observations  of  my  own,  to  include  at  least  twelve 
>unds  not  in  my  earlier  list. 
own  determinations,  in  addition  to  those  I  have  already 

for  the  alkaline  fluorides,  are  as  follows:  Rubidium 
dc,  2-209, 19**;  rubidium  bromide,  2-780, 17-5^;  rubidium 
J,  8-028,  22*,-  lithium  bromide,  8-102,  17**;  lithium  iodide, 

28^ 

w  let  us  tabulate  the  material  The  first  column  contains 
mbol  of  the  substance,  the  second  its  density  with  author- 
ven^  the  third  its  molecular  volume  as  found,  the  fourth 
lume  calculated,  the  fifth  a  theoretical  density  deduced 
this  volume.  The  calculated  volumes  are  of  course  the 
multiples  of  Kopp  s  hydrogen  value,  and  will  be  seen  at 
x>  agree  closely  with  the  results  of  experiment  The  real 
ion  between  met  and  theory,  however,  will  be  best  seen 
comparing  the  two  columns  of  densities.  The  differences 
ire  always  less  than  0*1. 


n. 

111. 

IV. 

V. 

2*296,  Clarke. 

11-33 

11-00 

2*363 

I. 

1*998,  Kremera. 

21-27 

22*00 

1*932 

p. 

3102,  Clarke. 

2805 

27-50 

3*164 

3*485,       " 

38-45 

38-50 

3-481 

^ 

2*568,       " 

16*41 

16*50 

2*545 

1 

2*146,  fiuignet 

27-27 

27*60 

2127 

Jr. 

3*079,  Kremera. 

33*45 

33*00 

3121 

• 

3-450,  FilhoL 

43-48 

44*00 

3*409 

2-098,  Clarke. 

28*20 

27-50 

2-113 

• 

1*945,  Kopp. 

38*35 

38-60 

1*937 

1 
• 

2*672,  Playfair,  Joule. 

44-57 

4400 

2*707 

3066,  Pilhol 

54-35 

5500 

3*020 

1 

• 

3*202,  Olarke. 

32*64 

33-00 

3-167 

!L 

2*209,       " 

54*78 

5500 

2*200 

\T. 

2*780,       " 

69*53 

60*50 

2-735 

• 

3023,       "       ^ 

70-29 

71*50 

2*972 

•e  now  we  have  sixteen  compounds  of  a  single  type, 
one  of  which  agrees  with  the  rule.  In  each  case  the 
ular  volume  comes  out  a  multiple  of  5-5,  or  very  nearly. 
one  substance  in  the  list  seems  to  be  in  any  way  aonormal, 
V,  rubidium  fluoride,  with  its  volume  of  38.  The  other 
les  in  this  group  have  volumes  less  by  11  than  those  of 
)rresponding  chlorides,  but  in  this  case  the  difference  is 
^  curious  progressive  relation  is  also  worth  noting.     If 
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we  compare  the  five  chlorides  given  in  the  table  we  shall  see 
that  upon  arranging  them  in  the  order  of  their  molecalar 
weights  the  difierences  between  successive  members  of  the  series 
increase  as  we  ascend.  Thus  LiCl  and  NaCl  differ  by  6'5, 
NaCl  and  KCl  by  11,  KCl  and  RbCl  by  16-5.  This  i^ular 
difference-increase  is  certainly  suggestive  of  some  law  yet  to  be 
clearly  made  out 

A  similar  relation  to  Kopp*s  hydrogen  volume  is  also  af- 
forded by  the  two  other  compounds.  Sodium  hydride,  Na,H, 
discovered  by  Troost  and  Hautefeuille,*  with  a  density  of  0*959, 
has  a  molecular  volume  of  49*1,  or  very  nearly  5*5x9.  Still 
more  interesting  is  iodine  monochloride,  so  carefully  studied  by 
Hannay.f  At  0*^  the  solid  substance  has  a  specific  gravity  of 
8*263,  and  a  molecular  volume  of  49*8,  thus  varying  only  0*8 
from  a  multiple  of  5*5.  At  101^  the  chloride  boils,  and  at  98^ 
its  density  is  2*968,  having  a  volume  of  54*9.  Probably  an 
absolutely  correct  determination  at  its  boiling  point  would  give 
a  value  of  65.  So  we  may  say  that  iodine  monochloride,  both 
as  a  solid  at  0^,  and  as  a  liquid  at  its  boiling  point,  has  molec- 
ular volumes  multiples  of  that  of  hydrogen. 

As  for  the  haloia  salts  of  silver,  they  cannot  with  certainty 
be  included  among  the  substances  connected  by  this  multiple 
relation.  The  fluoride  agrees  fairly,  however,  having  a  density 
of  5*852,  Gore,  and  a  molecular  volume  of  21*7  instead  of  22. 
The  chloride  and  iodide  may  be  forced  to  agree  by  selecting 
out  the  density  determinations  of  certain  investigators,  ana 
rejecting  other  decidedly  discordant  data.  The  bromide  does 
not  agree  at  all.  A  determination  of  my  own  for  precipitated 
AgBr  gives  a  density  of  6'215, 17*^,  and  a  corresponaing  volume 
of  80*26.  Other  determinations  are  even  more  discordant  than 
this.  Silver  salts  generally  have  molecular  volumes  equal  or 
nearly  equal  to  the  corresponding  sodium  compounds;  that  of 
sodium  bromide  being  33*0.  Silver  fluoride,  it  will  be  seen, 
diverges  also  from  the  sodium  salts.  For  thallium,  our  data 
are  insufiicient  Its  monochloride  has  a  molecular  volume 
approximating  to  a  multiple  of  5*5,  but  not  closely  enough  to 
be  satisfactory.  The  sesquichloride  does  not  even  approxi- 
mate. At  some  future  time  I  hope  to  be  able  to  revise  and 
extend  our  specific  gravity  determinations  for  this  class  of 
thallium  salts. 

Now  to  sum  up.  Including  the  silver  and  thallium  salts  we 
know  the  densities  of  twenty-five  substances  containing  only 
univalent  elements.  Of  these,  twenty  have  molecular  volumes 
multiples  of  that  of  hydrogen,  three  are  doubtful,  two  appar- 
ently disagree.  We  may,  therefore,  safely  assert  the  following 
general  law,  subject  to  possible  exceptions.     Every  compound 

*  Oompi  Bend.,  toL  Izxyiii,  970.  f  Jour.  Chem.  Soa,  n,  zi,  818. 
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niaining  only  elements  of  the  hydrogen  group  has  a  molecular 
Uume  an  even  multiple  of  that  of  hydrogen.  This  is  probably 
It  a  hint  of  some  more  general  regularity  coanecting  other 
ements  and  other  groups. 

Postscript. — Since  the  above  pages  were  written,  there  has 
3en  published  by  Johnson  a  density  determination  for  potas- 
um  triiodide,  KI3.  (Chem.  News,  xxxiv,  256.)  This  deter- 
ination,  8*498,  corresponds  to  a  molecular  volume  of  1201. 
21  is  an  exact  multiple  of'S'S,  and  gives  a  theoretical  density 
:  8472.  The  multiple  relation  now  holds  good  in  twenty 
uses  out  of  twenty-five. 


JtT.  XXXIV. — On  the  identity  of  the  so-called  Peganite  of  Arkan- 
sas with  tlie  Variscite  of  Breithaupt  and  Callainite  of  Damour  ; 
by  Albert  H.  Chester. 

A  NUMBER  of  years  ago  I  obtained  some  specimens  of  a 
lineral,  said  to  come  from  Colorado,  which,  after  a  hasty  ex- 
nination,  was  called  peganite.  More  recently,  I  have  received 
)ecimens  of  the  same  mineral  from  Montgomery  County, 
rkansas,  from  which  locality  the  first  undoubtedly  cama 
jialyses  were  made  of  both,  with  the  results  given  below  ; 
o.  1  is  of  the  amorphous  mineral,  and  No.  2  is  the  average 
[  two  analyses  of  the  crystalline  varietv.  It  was  found  impos- 
ble  to  separate  it  from  the  quartz  "witfi  which  it  is  associated, 
id  a  considerable  quantity  of  the  latter  substance  is  unavoid- 

Jy  included  in  each  analysis. 

1  2 

Phoflphoric  acid 13-08  22'36 

Alumina 9*69  16-72 

Water 708  11-89 

Insoluble  residue 69*69  49-86 

Total,  99-44         99-83 

Deducting  the  insoluble  residue,  and  calculating  to  one  hun- 
red  per  cent,  we  have  the  results  below  in  columns  1  and  2, 
hile  8  gives  the  average  of  the  two,  and  4  the  oxygen  ratio. 

12  3  4 

Phosphoric  acid 43*96       44-74  4435  6-05 

Alumina 32*24       31-46  31-85  3*00 

Water 23*80       23*80  23-80  4*32 

In  four  other  analyses  the  ratio  of  water  to  phosphate  of 
umina  was  found  to  be  1  to  4*04,  4*26,  4*01,  and  4*28.  The 
irmula  for  the  mineral  must  then  be  Al^Og,  Y^O^+AR^O^ 
laking  it  distinct  from  peganite,  with  which  it  has  been  con- 

Am.  Joub.  Sci.->Thibd  Bbbibs,  Vol.  XUl,  No.  76.— APBUi,  1877. 
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founded.  Its  com  position,  moreover,  is  identical  with,  that 
obtained  by  Petersen  for  the  variscite  of  Breithaupt,  and 
closely  corresponds  to  that  of  the  callais  (callainite)  of  Damour. 
Analysis  1,  below,  is  bv  Petersen  (Jahrb.  Min.,  1871,  857)  of 
variscite  from  Messbach,  in  Saxon  Voigtland;  and  analysis  2, 
one  given  by  Damour  (after  the  deduction  of  2*10  p.  c.  of  sand), 
of  callais : 

1  2 

Phosphoric  acid 44'06  43*31 

Alumina 31'26  30*09 

Iron  sesquioxide* 1*21  1*86 

Magnesia 0*41 

Lime 0*18  0*70 

Water 22-86  24-04 


Total,  99-96  100-00 

>  With  OrtO,  and  FeO. 

Both  of  these  analyses  agree  closely  with  the  formula  given, 
AljO,,  P,0j+4H,(!),  which  requires:  phosphoric  acid  44'80, 
alumina  32*49,  water  22"71=100.  The  mineral  from  Arkansas 
with  also  the  callainite  of  Damour  should  consequently  be  in- 
cluded under  the  name  variscite,  jriven  in  1837  by  Breithaupt 

The  mineral  occurs  in  crystalline  crusts  on  quartz;  also 
rarely  in  distinct  crystals  of  very  small  size.  These  belong  to 
the  orthorhombic  system,  showing  prismatic  and  basal  planes. 
The  crust  often  presents  a  semi-globular  form  with  a  radiated 
structure.  It  also  occurs  amorphous  and  disseminated  through 
quartz.  The  colors  observed  are  deep  emerald-green,  though 
all  shades  of  bluish  green  to  almost  colorleas.  Some  crystals 
are  dark  in  the  middle,  and  light  at  both  ends.  It  is  trans- 
parent to  translucent,  infusible,  and  has  a  hardness  of  about  4. 
Before  the  blowpipe  it  becomes  opaque,  friable,  and  of  a  deep 
purple  when  hot,  lighter  purple  when  cold.  In  the  glass  tube 
yields  much  water  and  changes  in  color  as  above. 

Chemical  Laboratory,  Hamilton  College,  Clinton,  N.  Y.,  Feb.  12. 


Art.  XXXV. — Oii  a  fibrom  variety  of  Sepiolite  from  Utah;  by 

Albert  H.  Chester. 

Some  years  since  I  obtained,  while  visiting  a  silver  mine  in 
Utah,  specimens  of  a  fibrous  mineral  which  upon  analysis 
proves  to  have  the  composition  of  sepiolite.  It  occurs  in  a 
seam  about  two  inches  m  thickness  cutting  across  the  rock 
strata  and  vein  at  nearly  right  angles.  The  following  analyses 
give  the  composition  of  two  varieties,  one  of  which  is  white, 
and  the  other  bluish-green ;  1  is  the  mean  of  four  analyses  of 
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e  white  variety ;  8  is  a  single  analysis  of  the  green  kind ;  and 
and  4  are  the  respective  oxygen  ratios  for  the  two. 

12  3  4 

Silica 62-97  6-16     60-15       6-08 

Alnmina 0*86  2-06 

Iron  sesqnioxide 0*70  1  '02 

Manganese  sesquioxide 3*14  2*09 

Copper  oxide 0*87)  «.  6*82)    ^.' 

Magnesia 22*60  J  ^  18*29  J    ^ 

Water 9*90  1*92       9*30       1*88 

Moisture 8*80  10*32 

One  half  the  water  is  driven  off  at  a  temperature  of  100®  C, 
id  very  little  more  is  lost  even  up  to  200®  C,  and  a  full  red 
»t  is  required  to  expel  the  last  traces.  It  is  hence  probable 
at  the  moisture  which  goes  off  below  110°  does  not  belong 
the  mineral  and  should  not  be  regarded  in  deducing  the 
rmula.  The  formula  obtained  is  2MgO,  3SiO,  4- 2H,0,  which 
identical  with  that  of  sepiolite,  of  which  it  is  a  new  and  inter- 
ting  variety.  Its  blowpipe  characters,  and  its  behavior  with 
;ids  are  the  same  as  those  of  sepiolite.  It  gelatinizes  with 
irdrochloric  acid  though  not  entirely  decomposed.  The  green 
iriety,  as  shown  in  the  analysis  above,  contains  considerable 
>pper,  which  is  obviously  the  cause  of  the  color,  and  which 
ems  to  replace  the  magnesia  in  the  composition  of  the 
ineral. 

Hamiltoii  College^  Feb.  14. 


RT.  XXXVI. — On  Dr.  Peale^s  Notes  on  the  Age  of  the  Rocky 
Mountains  in  Colorado;  by  J.  J.  Stevenson,  Professor  of 
Geology  in  the  University  of  New  York. 

I  HAVE  read  Dr.  Peale's  notes  with  a  good  deal  of  care,  but 
is  long  discussion  of  my  conclusions  contains  very  little  in 
le  way  of  direct  argument,  which  seems  to  me  to  call  for  a 
jply.  At  the  same  time  it  is  necessary  to  correct  some  of  Dr. 
eaie's  statements,  which,  no  doubt  without  any  such  intention 
1  his  part,  certainly  tend  to  give  a  false  impression  respecting 
3th  my  facts  and  my  position. 

The  first  of  these  is  on  page  172,  where  the  final  sentence  in 
le  third  paragraph  seems  to  intimate  that  while  Dr.  Peale 
oe&  not  regard  bis  data  as  sufficient  to  extend  his  generaliza- 
ons  to  the  entire  Eocky  Mountain  System,  I,  on  the  other 
and,  feel  no  similar  hesitation  respecting  my  data,  which  were 
rocured  within  a  smaller  area.  The  opening  paragraph  of 
hap.  XVII  of  Wheeler,  vol.  iii,  contains  a  full  statement  of  my 
pinion  concerning  the  value  of  my  data. 
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The  second  of  these  is  on  oage  174,  in  the  third  paragraph. 
There  the  statement  is  made  ttat  the  Trias  is  present  in  south- 
western Colorado  and  northern  New  Mexico,  and  the  testimony 
of  Dr.  Newberry,  Prot  Cope,  Mr.  Holmes  and  Dr.  Peale  is 
oflfered  to  prove  the  truth  of  the  statement.  This  eflFort  to 
show  the  existence  of  the  Trias  there,  taken  in  connection  with 
the  fact  that  no  reference  is  made  to  my  mention  of  the  group 
in  that  region,  is  very  apt  to  leave  the  impression  either  that  I 
failed  lo  recognize  the  group  or  that  I  had  denied  \U  existence; 
which  would  oe  an  error  in  each  case.  The  occurrence  of  the 
Trias  in  that  region  is  used  as  a  strong  proof  that  Trias  occurs 
in  the  interior  in  opposition  to  my  assertion  that  the  group  is 
absent  in  the  interior.  With  all  due  respect  for  Dr.  Peale^s 
judgment,  I  submit  that  the  presence  or  absence  of  Trias  in 
New  Mexico  or  southwestern  Colorado  has  nothing  to  do  with 
the  *'  interior,"  as  those  districts  are  outside  of  the  flexed 
region,  which  I  called  the  "  interior." 

The  third  of  these  is  on  page  176,  but  begins  at  the  bottom 
of  page  175,  where  the  statement  is  made  that  my  conclusions 
in  favor  of  upheaval  at  the  close  of  the  Trias,  are  based  upon 
unconformability  observed  at  Golden,  near  Colorado  Springs, 
near  Cafion  City,  and  also  in  Huerfano  Park.  Dr.  Peale  at 
once  settles  the  question  here  by  showing  that  there  is  no 
proof  of  non-con formabilitv  at  either  Golden  or  Colorado 
Springs,  so  that,  as  I  had  made  a  mistake  at  each  of  these 
localities,  there  is  every  reason  to  believe  that  the  same  mis- 
take was  made  at  the  other  localities.  Now  I  grant  him  all 
he  says  about  the  conditions  at  Golden  and  Colorado  Springs; 
the  groups  are  not  in  direct  contact  there,  and  consequently  no 
proof  of  non-conformability  can  be  found.  But  that  does  not 
concern  this  matter  in  any  way.  As  I  made  no  reference  to 
either  Golden  or  Colorado  Springs  in  this  connection,  I,  of 
course,  made  no  mistake  respecting  them,  so  that  Dr.  Peale's 
intimation  with  regard  to  the  localities  to  which  I  did  refer,  is 
wholly  gratuitous. 

The  fourth  of  these  statements  is  in  the  paragraph  beginning 
at  the  bottom  of  page  179,  and  continuing  almost  to  the  bottom 
of  page  180.  The  reasoning  in  this  paragraph  may  be  in- 
genious, but  one  would  find  difficulty,  even  by  the  use  of  the 
utmost  courtesy,  in  calling  it  ingenuous.  For  the  sake  of 
avoiding  confusion,  as  well  as  for  the  sake  of  courtesy,  it 
would  nave  been  **  best  to  state"  in  the  text  that  "  rrot 
Stevenson  regards  as  Cretaceous"  the  debatable  lignite  group 
which  Dr.  Peale  regards  as  Lower  Tertiary.  Buried,  as  this 
statement  is,  in  the  foot  notes,  it  is  easily  overlooked,  and  the 
remark  on  the  following  page  **that  there  was  no  marked 
action  until  the  close  of  the  Lignitic,"  in  connection  with  the 
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context,  readily  appears  to  contradict  the  quotation  from  my 
report  on  page  179.  But  there  is  no  difference  between  Dr. 
Peale  and  myself.  When  I  wrote  that  chapter  in  1874  I  re- 
garded the  whole  Lignitic  group  as  formiug  the  closing  portion 
of  the  Cretaceous.  So  I  considered  the  period  of  accelerated 
upheaval  as  occurring  at  the  close  of  the  Cretaceous,  that  is,  at 
the  close  of  the  Lignitic  group.  Dr.  Peale  places  the  action  at 
the  same  tima 

I  have  no  additional  facts  to  offer  in  support  of  the  provi- 
sional conclusions  which  I  offered  in  the  report  to  Lieut 
Wheeler.  All  the  material  in  my  possession  is  given  in  that 
report,  and  the  synopsis  of  that,  which  seemed  to  have  a  bear- 
ing on  the  age  oi  the  system,  is  to  be  found  in  Wheeler,  vol. 
iii,  Chap.  XVIL  Nor  am  I  likely  to  secure  any  additional  facts 
either  jpro  or  cow,  as  there  is  no  probability  that  I  shall  have  an 
opportunity  to  revisit  the  Rocky  Mountains  for  a  number  of 
years. 

New  York,  March  9th,  1877. 


SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1.  On  the  Velocity  of  Chemical  Meactions, — Boguski  and 
Kajandbb  liave  continued  the  experiments  commenced  by  the 
former  to  ascertain  the  velocity  of  chemical  reactions.  Boguski 
defines  velocity  of  reaction  bv  supposing  that  u=/][a.,  c/^,  a,, 
a«,  ^),  m  which  u  is  the  quantity  of  the  new  body  pro- 
duced in  the  time  t^  and  a,,  a^,  a, a«  the  conditions  un- 
der which  the  reaction  tokes  place.     Hence  the  first  differential 

coefficient,  "^•'~(^>'  ^2»  «3  •  •  .  ^^  ^)  represents  the  reaction- 
velocity  under  the  conditions  given.    It  remains  to  find  the  form  of 

d%JL 
the  functions  u  and  -^.    Since  all  the  conditions  must  he  exactly 

measurable  and  expressible  in  numbers,  the  author  chose  for  ex- 
periment the  action  of  liquids  on  solids,  in  which  the  only  varia- 
oles — the  temperature  being  constant — are  the  surface  of  the  solid 
acted  on  and  the  concentration  of  the  solution.     "  Concentration" 

is  used  to  express  the  value  given  by  the  formula  I^  •  v?  •  t~,  in 

which  D  is  the  sp.  gr.  of  the  solution,  p  the  percentage  content  of 
the  body  dissolved  and  M  its  molecular  weight.  Since  the  num- 
ber of  molecules  of  this  body  in  a  unit  of  volume  of  the  solution 
is  directly  proportional  to  this  vahie,  if  V  represent  the  volume 

1      » 
Id  c.a,  the  formula  V .  D .  5r= . -—isy  represents  the  concentration 


800  Scientific  Intelligence. 

ttsed  in  the  experiment.  Two  modes  of  stating  the  results  are 
proposed:  1st,  that  the  qaantity  of  the  new  body  formed  in  an 
mfinitely  short  time  is  proportional  to  the  concentration  t/  at  that 
time ;  or  2d,  that  this  quantity  is  proportional  to  the  number  of 
molecules  of  the  liquid  which  act  upon  a  unit  of  surface  of  the 
solid.  Taking  the  reaction  between  zinc  and  sulphuric  acid,  and 
assuming  that  a  unit  of  zinc  surface  dips  in  a  unit  of  volume  of 
the  acid,  the  first  hypothesis  is  expressed  by  the  differential  equa- 
tion <^Hj]=Arye/^,  in  which  ^[Hg]  expresses  the  quantity  of 
hydrogen  set  free  in  the  infinitely  small  time  <ft,  and  k  is  the  pro- 
portional coefficient.  Since  49  parts  of  H^SO.  are  required  to 
evolve  1  part  of  H,  we  have  [H2]=— i^[HgSO-]:=— ^y.  Dif- 
ferentiating, <?|Hg]=— ^dfy.     Equating  with  this  the  above  ex- 

cly 
pression  for  (^Hj],  we  have  -^=:  —  49k(iU.      By  integration    be- 

tween  the  limits  y<  and  y^,,  the  value  of  y,  can  be  obtained ;  and 
by  substituting  this  value  for  y  in  the  first  equation  given  above, 
cnanging  the  signs  and  integrating  between  corresponding  limits, 

/P«l  /•'    1 1* 

d[\\2\^^yo/  e^^    dt,  there    is    obtained    [H^]  =  Ay© 

(l«e-^«)=^(yo-y,),  from  which  Ar=-.-.g  comm.   log.   ^. 

The  experimental  results  with  zinc  and  sulphuric  acid  not  being 
uniform,  the  author  took  Carrara  marble  and  hydrochloric  acid, 
the  marble  parallelopipeds  being  accurately  measured.  From 
this  the  surface-area  was  calculated  and  also  the  volume  of  liquid 
required  to  give  a  unit  of  volume  to  each  unit  of  marble  surface. 
The  concentration  of  the  acid  was  determined  volumetrically, 
giving  y^.  The  carefully  weighed  marble  was  placed  in  the  acid 
lor  a  known  time,  then  removed,  washed,  dried  and  weighed; 
from  the  loss,  the  carbonic  dioxide  evolved  and  the  acid  consumed 
were  determined,  giving  y^     From  the&e  data,  by  the  formula 

^= JJA:M  log  — ,  the  value  of  i^klSL,  and  consequently  of  A:,  waa 

calculated.  As  a  mean  of  63  well  agi^eeing  experiments,  the 
value  of  J|A;M  was  found  to  be  0-01765,  and  of  k  0-0444db0-003  at 
20°  and  760  mm.  Since  this  value  is  constant,  it  follows  that  the 
first  supposition  represents  a  fact,  and  that  the  quantity  of  carbon 
dioxide  gas  evolved  from  marble  in  a  definite  moment  of  time  is 
directly  proportional  to  the  concentration  of  the  acid  at  that 
moment.  In  connection  with  Kajander,  Boguski  has  now  ex- 
tended the  investigation  to  other  acids,  using  nitric  and  hvdro- 
bromic  in  the  new  experiments.  They  find  the  values  ^^k^{  and 
J^ArM  respectively  0*0175,  and  0*0185,  being  sensibly  the  same  as 
that  above  given  ;  hence  the  coefficient  A:,  for  these  three  acids  is 
inversely  proportional  to  their  molecular  weights.  From  the 
equation   a[QO ^'Izukydt^  we  have  the   velocity  of  the  reaction 

v=  — — j-^-J=Ary,     Consequently  when  different  acids  of  the  same 
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ooncentration  act  upon  marble,  the  velocity  of  evolution  of  carbon 
dioxide  is  inveraely  proportional  to  their  molecular  weights. — 
Ber.  BerL  Chem.  &es.^  ix,  1646,  x,  34,  Jan.  1877.  o.  f.  b. 

2.  On  the  JEquivalence  of  Nitrogen. — Ladbnburo  and  Steuve 
have  sought  to  throw  some  light  u[)on  the  equivalence  of  nitrogen 
by  studying  carefully  and  comparing  directly  the  properties  of 
triethyloenzylammonium  chloriae  and  iodide  on  the  one  hand, 
And  those  of  benzyltriethylammonium  chloride  and  iodide  on  the 
dther.  The  former  bodies  were  prepared  directly  by  acting  on 
brietbylamine  with  benzyl  chloride  m  a  sealed  tube  at  100°.  A 
white  crystalline  mass  results,  which  is  soluble  in  water,  and  is 
aasily  crystallized  therefrom.  The  platinum  double  chloride  crys- 
tallizes easily  from  hot  water,  and  has  the  formula  (N(C2H5)3 
D^HyCl)-PtCL.  The  iodide,  obtained  by  the  action  of  silver 
9xide  and  hydriodic  acid  on  the  chloride,  when  its  solution  is 
Bvaporated  on  the  water  bath,  is  very  readily  decomposed,  yield- 
ing irritating  odors  of  benzyl  iodide.  The  second  bodies  were 
obtained  by  acting  on  benzylamine  with  ethyl  iodide  at  130°. 
Hie  platinum  double  chloride  gave  the  formula  (NC7H7(C3Hg)3 
Dl)2xtCl^.  When,  however,  aqueous  solutions  of  benzyltriethyl- 
unmonium  iodide  are  evaporated  on  the  water-bath  no  benzyl 
iodide  is  formed  even  when  the  evaporation  is  carried  to  dryness. 
rhis  difference  in  the  behavior  of  the  two  bodies  leads  the  authors 
to  re^rd  them  as  isomeric  and  not  identical.  The  same  conclu- 
don  IS  drawn  from  the  form  of  crystallisation  of  the  platino- 
shlorides,  one  being  apparently  monoclinic,  the  other  ortho- 
rfaombic.  From  this  it  follows  that  the  five  bonds  of  nitrogen  in 
unmonium  chloride  have  not  all  the  same  value. — Ber.  BerL 
Chem.  Ges,^  x,  43,  Jan.  1877.  g.  f.  b 

8.  Action  of  fuming  Nitric  acid  on  Coal  Gas. — Akestorides 
las  studied  the  products  obtained  from  coal  gas  by  passing  it 
through  fuming  nitric  acid,  until  a  brown  layer  separated  and  crys- 
tals began  to  appear.  The  heavy  layer  evolved  on  heating  tor- 
-ents  of  nitrogen  tetroxide  ^as,  and  on  adding  water,  a  yellow 
litro  compound  separated  which  was  not  examined.  The  crystals 
H>nsisted  of  oxalic  acid.  The  lighter  fluid,  which  had  the  odor  of 
litrobenzene,  consisted  essentially  of  two  nitro-corapounds,  one 
joUing  at  205%  the  other  at  222°,  bein^  nitrobenzene  and  nitro- 
;oluenc  A  small  quantity  of  a  third  body,  boiling  about  300°, 
WSM  obtained,  probably  a  nitro-naphthalene.  In  examining  for 
;be  source  of  the  production  of  oxalic  acid,  the  author  found  that 
>enzene  gave  none  when  treated  with  fuming  nitric  acid,  while 
^luene  and  xylene  gave  small  quantities,  and  ethylene  aflbrded  it 
ibundantly.  Hence  the  author  concludes,  contrary  to  Berthelot's 
>pinion,  that  ethylene  is  absorbed  by  nitric  acid  and  is  oxidized 
x>  oxalic  acid ;  this  substance  being  permanent  even  in  fuming 
icid. — J.  pr.  Ch.^  II,  xv,  62,  Jan.  1877.  '  G.  f.  a 

4.  On  oxidized  PkUinic  sulphide. — E.  v.  Meyeb  has  examined 
;he  ^o-called  oxidized  platinic  sulphide,  long  known  for  its  special 
catalytic  activity.     It  was  prepared  by  precipitating  a  hot  solu- 
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tion  of  potassinm  platino-ohloride  by  hydrogen  sulphide,  washing 
the  precipitate  by  decantation  with  hot  water,  and  drying  for 
several  days  on  the  water-bath,  daring  which  latter  process  the 
oxidation  takes  place.  It  appears  as  a  heavy  black  powder, 
which  on  continuoas  heating  at  or  above  100®  suffers  farther 
oxidation.  If  the  heating  be  rapid,  oxygen  is  absorbed,  sulphar- 
oas  and  salpharic  oxides  are  formed,  and  platinam  is  left.  On 
examination  it  was  foand  to  contain  the  elements  of  water;  and 
apon  analysis  two  products  were  distinguished,  one  the  normal 

(  OH 
hydrate  PtS  ■{  qij,  the  other  derived  from  two  molecules  of  this 

PtS  )     OH 
by  the  loss  of  water,  p^^,  v  Oqtt.    The  analytical  results  for  the 

latter  were  satisfaotoiy ;  but  the  former  could  not  be  obtained  as 
pun3.  The  sulph-oxiae  (PtS)O  does  not  appear  to  exist  free. 
The  author  finds  the  body  to  be  an  energetic  oxidizer,  H,S  yield- 
ing S,  SOj  giving;  SO3,  HCl  evolving  cT,  NH3  producing  HNO, 
and  HNO3,  oxalic  acid  giving  CO-,  ferrous  being  oxidized  to 
ferric  salts,  alcohol  to  aldehyde  and  toluene  yielding  benzalde- 
hyde. — J.  pr.  Ch.^  H,  xv,  1,  Jan.  1877.  g.  p.  b, 

6.  Preparation  of  GlycoUic  acid  by  reduction  of  Oxalic  ctcid, 
— Ceommydis  has  succeeded  in  producing  glycollic  acid  from 
oxalic,  by  the  action  upon  it  of  nascent  hydrogen.  The  oxalic 
acid  dissolved  in  water,  was  mixed  with  zinc  turnings  and  heated 
for  eight  days  in  a  water-bath.  The  liquid  was  then  filtered, 
treated  with  milk  of  lime,  again  filtered,  the  excess  of  lime  re- 
moved by  oxalic  acid,  boiled  to  destroy  the  glyoxylate,  aeain 
filtered,  and  evaporated  to  crystallization.  On  cooling,  crystalline 
warty  masses  formed  which  were  soft  like  wax,  and  which  on 
analysis  proved  to  be  calcium  glyoollate,  crystallized  with  four 
molecules  of  water.  The  copper  and  zinc  salts  were  also  prepared 
and  examined. — Bidl.  Soc,  Vh.^  II,  xxvii,  3,  Jan.  1877.     g.  f.  r 

6.  On  the  Decomposition  of  the  Oil  of  Thirpentine  at  high 
Temperatures, — Schultz  has  studied  the  products  of  the  action  of 
high  temperatures  upon  oil  of  turpentine,  using  iron  tubes  and 
heating  them  in  a  Hofmann  furnace  to  a  dull  red  heat.  The  oil 
distilled  between  158°  and  161°,  and  was  caused  to  flow  into  the 
heated  tube  drop  by  drop.  Carbon  was  deposited,  combustible 
gases  were  evolved  which  were  not  examined,  and  a  black  tar 
collected  in  the  well  cooled  receiver  connected  with  the  apparatus. 
This  tar  was  fractionated,  and  the  fractions  examined.  The  por- 
tion boiling  below  200®  afforded  benzene,  toluene  and  xylene; 
that  below  300°,  naphthalene ;  arid  that  above  300°,  phenantjirene, 
anthracene  and  methyl-anthracene. — Ber,  Berl,  Chem,  Ges.^  x, 
113,  Feb.  1877.  *  g.  f.  b. 

7.  Constituents  of  Beech-wood  Tar-creosote. — Tiemann  and 
Mendelsohn  have  examined  the  properties  of  creosol  and  phlorol, 
constituents  of  that  fraction  of  beech-tar  creosote  boiling  near 
220°.  By  the  action  of  acetic  oxide  on  ])otassium-creo8ol,  acetyl- 
creosol  is  obtained,  and  this  bv  oxidation  and  removal  of  tne 
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loetyl,  gives  vanillic  acid.  Creosol  is  therefore  parahydroxyl- 
onetamethoxyl-tolaene.  From  phlorol,  methyl-phlorol  and  oxy- 
phthalio  acid  were  prepared. — -Ber.  Berl,  Chem.  Oes.y  x,  57,  Jan. 
1877.  G.  p.  B. 

8.  Measurement  of  High  Jhressures. — M.  L.  Caillktet  has 
recently  constructed  a  manometer  capable  of  menBuring  high 
pressares,  op  the  slope  of  a  hill  near  his  laboratory  at  Chatillon- 
lor-Seine.  The  apparatus  consists  of  a  metallic  tube  70  meters 
long  and  about  2  mms.  interior  diameter.  One  of  the  extremities 
>f  this  tube  is  soldered  to  a  reservoir  of  iron  filled  with  mercury 
&nd  placed  at  the  base  of  the  hill.  To  the  free  extremity  of  the 
»ube  a  large  glass  tube  is  attached,  which  forms  the  upper  end. 
(Vlien  the  mercury  contained  in  the  reservoir  is  compressed,  it  is 
breed  up  into  the  metallic  tube  so  as  partly  to  fill  the  glass  tube, 
irhicb  is  fixed  on  a  vertical  plate.  This  portion  of  the  apparatus 
B  uiovable,  owing  to  the  flexibility  of  the  metallic  tube  and  may 
[>e  carried  to  one  side  and  placed  against  either  of  several  stakes 
irranged  along  the  slope  and  having  indices  distant  from  each 
>ther  exactly  760  mms.  vertically.  Fractions  of  an  atmosphere 
ire  measured  by  a  graduated  scale  resting  against  the  stake. 
Attached  thermometers  give  the  correction  for  temperature.  A 
pressure  of  thirty-four  atmospheres  may  thus  be  obtained.  M. 
Dailletet  proposes  shortly  to  measure  the  compressibility  of  gases 
it  very  high  pressures  oy  the  aid  of  the  shaft  of  a  deep  mine. 
^or  this  purpose  it  is  only  necessary  to  lower  into  the  shaft  to  a 
mown  depth  a  cylindrical  reservoir  of  iron  about  two  meters  long 
ind  containing  the  apparatus  with  gilt  glass  he  previously  used 
n  testing  the  law  of  Mariotte.  A  small  metal  tube  starting  at 
he  surface  is  attached  to  the  iron  reservoir.  When  mercury  is 
rumed  into  the  extremity  of  the  metallic  tube,  it  descends  into  the 
■eaervoir  and  produces  a  pressure  which  is  transmitted  to  the  gas 
n  the  interior.  This  pressure  is  accurately  measured  by  the  dif- 
erence  of  level  of  the  mercury  in  the  two  tubes.  Thus  with  no 
pecial  apparatus  and  simply  by  the  aid  of  mercury  we  can  com- 
>rpss  a  gas  several  hundred  atmospheres  and  at  the  same  time 
aeasure  exactly  the  pressure  produced. —  Comptes  JRendus^  Ixxxiv, 
>JJ.  E.  c.  p. 

9.  Diathermaneity  of  Metals  and  Paper. — M.  Aymonnet,  from 
lis  own  observations,  together  with  those  of  Wiedemann  and 
^ranz,  on  the  rapidity  with  which  the  equilibrium  of  temperature 
B  established  in  bars  whose  coeflicients  of  conduetibility  are 
ought,  arrives  at  the  following  conclusions : 

1st.  That  metals  and  paper  are  hot  athermanous  as  is  generally 
upposed. 

2d.  That  they  are  more  diathermanous  for  the  obscure  rays 
emanating  from  metallic  bodies  brought  to  a  temperature  below 
00**  than  for  the  luminous  heat  rays,  or  those  near  the  red  end  of 
he  spectrum. 

8d.  That  they  have  absorbent  powers  less  than  that  of  water, 
rbe  complement  of  the  inverse  ratio  which  exists  between  the 
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quantity  of  heat  which  penetrates  jiormally  into  a  body  and  that 
which  goes  out  of  it  in  the  same  direction  is  here  called  the  ab- 
florbent  power. 

4th.  That  it  is  possible  to  find  a  mathematical  relation  between 
the  absorbent  power  of  a  body  and  its  coefficient  of  condactibility. 
Coniptes  RenatiSj  Ixxxiv,  259.  e.  c  p. 

1 0.  Increase  of  Weight  by  Combustion, — M.  V.  Mstbb  suggests 
a  form  of  lecture-room  experiment  to  show  the  increase  of  weight 
in  the  combustion  of  a  substance  at  the  expense  of  the  oxygen  of 
the  air.  Some  years  ago  Professor  Hofimann  showed  a  practical 
method  of  demonstrating  experimentally  the  increase  of  weight  of 
iron  when  burned  in  oxygen,  but  there  has  been  as  yet  no  simple 
means  of  proving  this  fact  for  objects  like  a  candle,  which  appear 
to  the  eye  to  diminish.  A  candle  is  attached  to  each  pan  of  a 
balance,  and  above  one  a  glass  tube  open  at  both  ends  is  hung, 
at  nearly  the  height  of  the  wick.  In  this  tube  is  a  piece  of  wire 
gauze  holding  some  pieces  of  caustic  soda ;  after  balancing  the 
candles,  one  of  the  candles  is  lit,  when  the  products  of  combus- 
tion are  retained  by  the  soda  and  this  end  of  the  beam  descends. 
At  the  end  of  a  quarter  of  an  hour  the  difference  in  weight  may 
amount  to  three  grams. — Ber.  Chem,  Gesell,yix^  1866;  Bw,  Uhiv,^ 
ccxxix,  106.  K,  c.  p. 

1 1 .  Absorption  of  Light, — M.  Lippich  of  the  Vienna  Academy 
has  recently  been  investigating  the  influence  of  the  mean  distance 
of  absorbent  particles  upon  absorption.  As  such  an  influence 
must  be  especially  prominent  when  the  substances  afford  well- 
defined  absorption  bauds,  and,  with  considerable  density,  show 
no  strong  colors,  he  chose  for  his  experiments  the  nitrate  of 
didyniium  oxide,  which  has  these  properties  in  a  high  degree.  A 
pretty  concentrated  aqueous  solution  of  this  salt  in  a  vessel  one 
centimeter  thick  was  spectroscopically  compared  with  a  solution 
having  a  concentration  of  only  0*1,  0*05  of  the  first.  These  solu- 
tions were  in  tubes  of  ten  and  twenty  centimeters  severally.  A 
Steinhiel  spectroscope  was  used,  and  the  light  sources  were  two  gas 
lamps  so  regulated  that  both  spectra  showed  the  same  brightness 
on  the  parts  that  were  free  from  absorption.  Even  with  the  con- 
centration ratio  riO,  there  were  marked  differences  in  the  absorp- 
tion bands.  The  very  characteristic  bands  in  the  yellow  and  yel- 
low-green were,  for  the  more  concentrated  solution,  considerably 
broadened  toward  the  red  end  of  the  spectrum,  while  the  sharp 
limit  toward  the  violet  was  the  same  for  both  solutions.  The 
much  narrower  bauds  in  the  green  showed  quite  a  similar  behavior. 
In  the  other  parts  differences  were  observed  with  difficulty.  Be- 
sides this  difference  in  the  breadth  of  the  absorption  bands,  there 
were  others  in  the  distribution  of  the  bright  parts. — Nature^  xv, 
2o8.  K.  c.  p. 

12.  Lippfnami*s  Electrometer, — Professor  Dkwab  exhibited  to 
the  Pliysical  Society  a  simple  electrometer  which  he  has  designed, 
founded  on  the  discovery  of  Lippmann  that  the  capillary  constant 
is  not  really  independent  of  the  temperature  or  condition  of  the 
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mrface,  but  is  a  fduotion  of  the  electromotive  force.  If  a  capillary 
;iibe  be  immersed  in  mercury,  and  dilate  sulphuric  acid  be  placed 
n  the  tube  above  the  mercury,  and  a  current  from  a  Danieli's  cell 
)e  so  passed  through  the  liquids  that  the  mercury  forms  the  nega- 
ive  pole,  the  column  will  be  depressed  to  an  extent  dependent  on 
iie  mameter  of  the  tube.  In  making  an  electrometer,  Professor 
[>ewar  has  increased  the  sensitiveness  by  connecting  two  vessels 
xf  mercury  by  means  of  a  horizontal  glass  tube  filled  with  the 
Detal,  except  that  it  contains  a  bubble  of  dilute  acid.  Tlie  tube 
niist  have  an  internal  diameter  of  two  millimeters,  and  it  is  essen- 
ial  that  it  be  perfectly  clean,  uniform  in  diameter  and  horizontal. 
rhe  instruments  exhibited  were  constructed  \>j  Messrs.  Tisley  and 
ipller,  and  Professor  Dewar  showed  that  it  is  possible  by  means 
>\  them  to  measure  an  electromotive  force  equal  to  xyfinr  ^^  & 
!>anieH'8  cell;  forces  capable  of  decomposing  water  must  be 
Qc^asured  by  causing  two  currents  to  act  against  each  other. 
rhe  index  babble  is  brought  to  zero  by  uniting  the  mercury  cups 
»y  a  wire.  The  apparatus  is  very  convenient,  as  it  requires  no 
preparation  and  is  extremely  simple  in  its  action.  He  next  showed 
m  instrument  arranged  by  Mr.  Tisley  for  producing  a  current  by 
he  dropping  of  mercury  from  a  small  orifice  into  dilute  sulphuric 
icid ;  ii  the  vessels  containing  the  mercury  and  the  acid  be  con- 
leoteti  by  a  wire  a  current  is  found  to  traverse  it.  He  then  ex- 
abited  a  manometer  suitable  for  measuring  very  slight  variations 
f  pressure,  and  he  illustrated  the  use  of  it  for  proving  Laplace's 
ftw  that  the  internal  pressure  multiplied  by  the  aiameter  of  a  soap 
nbble  is  constant.  It  consists  of  a  U-tuoe  one  arm  of  which  is 
boat  fifteen  inches  long  and  is  bent  horizontally  and  levelled  with 
reat  care.     If  the  shorter  arm  be  connected  with  a  tube  on  which 

bobble  has  been  blown  and  the  diameter  of  the  bubble  be  varied, 
!ie  position  of  the  extremity  of  the  alcohol  column  will  be  found 
>  vary  in  accordance  with  the  above  law. — Nature^  xv,  210. 

E.  c.  p. 

IS.  JEkUwickelung  der  theoretischen  Ansichten  Hber  die  gepaarten 
ehw^elverbindungen ;  von  Geo.  A.  Smyth  ^of  Amherst  Mass.). 
28  pp.  8vo.  Berlin,  1876. — In  the  above  titled  Monograph  the 
ithor  has  endeavored  to  give  a  critical,  historical  sketch  of  the 
leoretical  views  concerning  the  large  and  important  family  of 
qgranio-inorganic  bodies,  which  may  be  appropriately  designated 
I  the  conjugated  or  copulated  compounds  of  sulphur,  and  which 
>inprises  the  classes  of  sulpha-  sulphi-  and  hyposulphi-  acids,  the 
Uphohydrates  or  mercaptanes^  and  their  derivatives.  Beginning 
ith  the  discovery  of  the  first  organic  derivatives  of  H^SO^ 
iroagh  the  experiments  of  Dabit,  i^rttlrner,  Vogel,  Gay-Lussac, 
[ennell  and  Faraday,  and  the  formation  of  the  first  sulpho-com- 
ounds  by  Faraday  and  othera,  in  the  early  part  of  this  century, 
discusses  in  successive  chapters  the  older  modes  of  viewing 
lese  bodies  by  Faraday,  Magnus,  Liebig,  Regnault,  Berzelius, 
[itscherlich,  and  Fehling,  the  views  of  the  originators  of  the 
leory  of  substitution,  those  of  the  followers  of  the  electro-chemical 
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radical  theory  up  to  the  time  of  Kolbe's  modification  of  this  theory, 
and  the  hypothesis  of  copulation,  the  further  development  by 
disciples  of  the  radical  theory  in  accordance  with  the  otamiHie 
conception  of  combination,  the  typical  theorV  and  the  copulated 
compounds,  the  development  of  atomistic  views  of  combinatioii 
by  the  typicists,  and  the  present  modes  of  interpreting  the  copu- 
lated compounds.  At  the  close  a  chapter  is  added  describmg 
briefly  the  discovery  and  the  character  of  the  different  classes  of  the 
conjugated  sulphur  compounds,  and  more  especially  those  of  the 
sulpho-acids,  their  formation  out  of  different  groups  of  organic 
bodies,  the  number  of  sulpho-substitutions,  their  modes  of  fomuk 
tion,  their  metamorphoses  through  modifications  of  the  inorganic ' 
group,  and  their  decompositions  by  separation  of  the  organic  finom 
the  inorganic  compound  parts,  in  connection  with  this  chapter 
some  points  of  theoretic  interest,  such  as  the  constitution  of  sulr 
phurous  acid,  Kolbe's  prognosis  of  sulpho-alcohols  and  aldehvdes, 
etc.,  which  could  not  be  conveniently  discussed  in  the  main  body 
of  the  work,  are  taken  up. 

After  discussing  the  older  modes  of  interpreting  the  sulpha- 
compounds,  which  were,  from  the  insuflicient  data,  necessarily 
crude,  and  which  failed  to  give  any  systematic  explanation  of  the 
action  of  H^SO^  upon  organic  bodies,  the  compounds  being  vari- 
ously regarded  as  combinations  of  organic  bases  with  salphuric, 
hypo-sulphuric  acid,  etc.,  and  after  briefiy  sketching  the  rise  of  the 
theory  of  copulation,  which  was  largely  owing  to  the  study  of 
sulpho-acids,  the  author  next  treats  of  the  development  of  the 
atomistic  conception  of  combination  by  Kolbe  and  Frankland  in 
the  sixth  decade,  maintaining  that  we  find  here  the  first  satisfac- 
tory explanation  of  the  constitution  of  the  copulated  sulphur  com- 
pounds, and  the  first  conception  of  the  sexivalence  and  conse- 
quently variable  atomicity  of  sulphur.  The  reasons  for  Kolbe's 
explanation  of  the  constitution  oi  these  bodies,  as  compounds  of 
sexivalent  sulphur  haNning  exerted  so  little  influence,  and  of  his 
claims  to  having  established  the  hexavalence  of  sulphur,  and  also 
the  quadrivalence  of  carbon  having  been  so  generally  overlooked 
are  sought  for  principally  in  his  retention  of  equivalent  formuls, 
which  could  not  express  his  own  views  of  chemical  combinatioii, 
and  which  showed  that  his  conception  of  atomicity,  though 
broadly  stated,  was  not  defined  with  sufiicient  sharpness  and 
definiteness. 

Under  the  head  of  the  typical  theory  in  its  relations  to  the 
copulated  sulphur  compounds,  which  is  the  subject  next  treated, 
the  attention  of  the  reader  is  directed  to  the  influence  of  Gerhardt's 
discoveries  of  the  sulpho-chlorides  and  amides,  and  Buckton's  and 
ilofmann's  preparation  of  numerous  disulpho-acids,  Gerhardt'i 
comparison  of  the  sulpho-compounds  with  the  carbonic  acid  series 
as  compounds  containing  the  radicals  SOg  and  CO  respectively,  Lim- 
pricht's  and  von  Uslar's  investigations  of  the  sulpho-benaoic  acid 
compounds,  their  view  of  the  substitution  of  El  in  the  organic 
radical  by  SOg,  Mendius^  view  of  the  typical  formulae  as  an  ex- 
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ireeeion  of  the  coDstitation  of  chemical  compoands,  Eekal^'s 
nixed  types,  and  the  coDtroversy  between  the  champions  of  the 
Typical  theory,-  being  the  sabjeots  most  prominently  taken  up. 
Abe  typical  theory  contributea,  according  to  the  view  of  the  au- 
thor, very  little  toward  the  advancement  of  our  theoretic  knowl- 
adge  of  the  copulated  sulphur  coilhpounds.  It  failed  signally  to 
throw  liffht  upon  the  pecuhar  nature  of  the  sulpho-acids,  it  proved 
itself  to  be  utterly  unable,  as  the  interpretations  of  Carius's  inves- 
tigations abundantly  show,  to  explain  any  difference  of  constitu- 
tion between  the  sulpho-acids  and  the  metameric  hypothetical 
primary  ethers  of  sulphurous  acid,  while  the  adoption  of  complex 
maltiple  and  mixed  types  showed  the  fruitlessness  of  all  at- 
tempts to  refer  compounds  capable  of  undergoing  manifold  reac- 
tions to  any  typical  bodies.  But  an  atomistic  explanation  of  the 
oopulated  sulphur  compounds  presented  peculiar  difficulties  to  the 
disciples  of  the  typical  school,  as  it  necessitated  the  acceptance  of 
a  higher  atomicity  of  the  sulphur-  atom,  and  accordingly  it  was 
not  until  the  discovery  of  the  true  primary  ethers  of  sulphurous 
acid,  and  of  the  isomeric  phenole  sulpho-acids,  and  furthermore  of 
the  difference  in  constitution  of  these  acids  from  the  primary  acid 
ethers,  that  the  typicists  adopted  an  atomistic  conception  ot  com- 
bination. 

After  sketching  the  gradual  development  of  atomistic  and 
structural  views  by  the  foimer  typicists,  as  shown  most  promi- 
nently in  the  attempts  of  Kekule  to  derive  the  copulated  sulphur 
compounds  from  a  dyad  8,  and  in  the  adoption  by  Butlerow  and 
Erlenmeyer  of  a  higher  atomicity  for  S,  the  author  goes  on  to 
compare  the  views  held  at  present  with  those  advanced  by  Eolbe, 
endeavoring  to  show  that  tne  explanations  of  the  chemical  deport- 
ment of  the  sulpho-compounds  now  given  are  essentially  the  same 
as  those  given  by  Kolbe,  some  twenty  years  ago,  that  these  chemists 
differ  however  from  Kolbe  in  their  general  conception  of  the  consti- 
tution of  a  body,  and  in  their  views  as  to  the  manner  in  which  the 
S-atom  is  combmed  with  the  organic  radical.  The  latter  difference 
of  opinion  is,  according  to  the  author,  the  only  essential  one,  and  he, 
although  assenting  to  Eolbe's  general  views  as  to  the  chemical 
ooDStitution  of  a  body,  does  not  hesitate  to  accept  Butlerow's 
definition  of  the  sulpho-compounds,  i.  e.  as  compounds  of  a  sexi- 
valent  S,  in  which  the  S  is  combined  directly  with  a  C-atom  of  the 
organic  body. 

IL  Geology  and  Mineralogy. 

1.  Note  on  the  Age  of  the  CrystaUine  Bocks  of  Wisconsin; 
by  Roland  Ibving.  (Communicated.)  — In  a  note  on  the  "  Huronian 
of  Canada,"  published  in  this  journal  for  December  last,  Mr.  A.  R. 
C.  Selwyn,  criticising  Mr.  F.  H.  Bradley's  reference  of  the  Canada, 
Wisconsin,  and  Michigan  Huronian  to  the  Lower  Silurian,  uses 
the  words :  ^'  If,  however,  it  is  an  established  fact  that  in  Minne- 
•ota  (Michigan?)  and  Wisconsin  the  same  Huronian  rocks  are 
unconformably  covered  by  the  Potsdam  sandstone  .  .  .  ."    Such 
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an  uDConformability  in  Wisconsin  is  certainly  a  &ct,  established 
not  by  one  or  two  instances,  bat  by  many.  The  exact  junction 
between  the  two  formations  is  often  to  be  seen,  the  almost  loose 
sand  of  the  Potsdam,  with  numerous  fossils,  as  also  fragmenta  de- 
rived from  the  older  rocks,  lying  upon  and  wedged  in  betwe^ 
the  tilted  ledges  of  Huronian  quartzite,  schist,  or  other  rook. 
Exactly  similar  unconformability  is  to  be  seen  at  the  Dalles  of  the 
St.  Croix  River  between  the  rotsdam  and*  Copper  series;  the 
horizontal  beds  of  the  former,  filled  with  shells  of  Idngtdldk^ 
lying  directly  upon  the  columnar  melaphyre  (?)  of  the  latter  seriei, 
the  exact  junction  of  the  two  series  being  exposed.  The  crystalline 
rocks  of  Wisconsin  include  unquestionably  two  distinct  tenraoei, 
the  one  lying  unconformably  upon  the  other,  as  is  beautifiillf 
shown  at  renokee  Oap,  on  Bad  river,  in  the  Lake  Superior  country. 
Here  a  white  siliceous  marble  of  the  Huroniui,  overlaid  by  hun- 
dreds of  feet  of  distinctlv  bedded  slaty  rocks,  and  dipping  north- 
ward, is  to  be  seen  within  twenty  feet  of  large  ledgee  of  dark  col- 
ored amphibolic  gneiss,  whose  bedding  planes  dip  southward  and 
strike  in  a  direction  diagonally  across  that  of  the  more  northon 
beds.  There  are  no  doubt  instances  where  the  two  series  are 
difficult  to  separate,  similar  rocks  occuring  in  both  groups,  but  the 
existence  of  the  two  is  incontestable,  and  their  unconformalHlity 
with  the  unaltered  Potsdam  equally  so.  The  facts  proven  Aus 
far  with  regard  to  the  older  rock  series  of  Wisconsin  may  be 
briefly  summarized  as  follows :  the  oldest  (I)  are  gneisses  and 
granites  with  other  rocks;  these  are  overlaid  unconformably  by 
(II)  a  series  of  quartzites,  schists,  diorites,  etc.,  with  some  gneiu 
and  granite ;  these  in  turn  are  overlaid — probably  also  unconform- 
ably, but  this  is  not  certainly  proven — by  (III)  the  Copper  series, 
which  includes  greenstones  and  melaphyres,  and  also  great  thick- 
nesses of  iuterstratifled  sandstone,  melaphyres,  amygdaloids  and 
shales,  the  whole  having  a  thickness  of  several  miles ;  these  finally 
are  unconformably  covered  by  (IV)  a  series  of  unaltered  horizontal 
sandstones  including  numerous  fossils,  many  of  which  are  closely 
allied  to  those  of  the  Potsdam  sandstone  of  New  York,  and  all  of 
which  have  a  marked  Pi-iniordial  aspect.  I  and  11  are  referred  to 
the  Lauren tian  and  Huronian  systems  of  Canada,  because  they 
bear  the  same  relations  to  one  another  and  to  the  Copper  series 
that  these  systems  do.  However  this  may  be,  it  will  be  seen  that 
in  order  to  include  the  Wisconsin  crystalline  rocks  within  the 
Silurian,  Mr.  Bradley  would  have  to  stretch  that  term  so  as  to 
cover  three  entirely  distinct  terranes,  each  overlying  its  prede- 
cessor unconformably  and  many  thousand  feet  in  thickness,  the 
highest  of  the  three  in  its  turn  overlaid  unconformably  by  hori- 
zontal sandstone  with  Primordial  fossils.  As  to  any  of  the  Wis- 
consin or  Michigan  crystalline  rocks  being  altered  equivalents  of 
the  Primordial  and  newer  strata  of  the  eastern  States,  such  ao 
hypothesis  is  certainly  untenable  for  a  moment.  Such  things  may 
and  in  all  probability  do  occur  in  the  Appalachians,  but  then 
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^rtainly  has  been  no  period  of  metamorphism  in  the  re^on  of  the 
orth western  States  since  the  beginning  of  the  Primordial. 

UniYormtyof  Wiaoonsizi,  March  8th,  1877. 

2.  3fuTO«5optca/jP«^o^flrpAy/ by  Ferdinand  ZiBKEL.  Being 
^olnme  YI  of  the  series  of  Reports  of  the  TJ.  S.  Geological  Explo- 
ition  of  the  40th  Parallel,  Clarence  King,  Geologist-in-charge. 
ubmitted  to  the  Chief  of  Engineers,  and  published  by  order  of 
tie  Secretary  of  War  under  authority  of  Congress.  298  pp.  4to, 
rith  twelve  plates.  Washington,  1876. — The  great  region  west 
f  the  Front  Kange  of  the  Ro^y  Mountains,  including  the  part  in 
lie  vicinity  of  \he  40th  Parallel,  abounds  in  igneous  rocks,  from 
olerytes  to  trachytes  and  related  kinds,  some  of  them  closely  like 
fxsks  of  central  and  southeastern  Europe;  and  Mr.  King  has  done 
rell  in  looking  to  Europe  for  the  study^  and  description  of  his 
pecimens,  and  has  been  most  fortunate  in  securing  the  labors  of 
ToC  Zirkel,  the  leading  author  in  microscopic  lithology.  The 
esults  are  therefore  excellent,  and  at  the  same  time  they  give  to 
be  American  student  the  present  European  use  of  the  names  of 
ocka. 

The  Report  commences  with  an  Introduction  reviewing  the 
inds  of  crystalline  rocks  and  their  microscopic  distinctions.  In 
bis  chapter  Prof  Zirkel  states  that  in  his  descriptions  he  uses  the 
mn  ** ground-mass"  for  the  mass  of  a  rock  where  it  is  distinctly 
rystalune  granular  under  the  microscope,  and  ^*  base"  when  there 
I  an  amorphous  paste  not  crystalline  granular  under  the  highest 
lagni^ng  power,  though  containing,  except  in  many  obsidians, 
rystalline  minerals. 

He  remarks  also  on  the  evidence  that  the  crystalline  minerals 
1  the  ^base"  were  formed  while  the  latter  still  had  a  flowing 
lovement,  as  shown  by  the  minerals  ranging  in  straight  or  wavy 
De«^  and  by  their  fractures  and  abrupt  bends  or  displacements ; 
etM^  the  positions  and  forms  of  the  crystals  have  been  partly 
etermined  by  the  flowing;  and  hence,  also,  the  rock  has  not 
ndergone  any  metamorphic  changes  since  solidification  took 
lace.  Those  rocks  whose  micro-fluidal  structure  is  particularly 
istinot  are  generallv  proportionally  rich  in  broken  crystals  shiv- 
red  into  detached  sharply  angular  fragments. 

The  feldspar-bearing  igneous  rocks  he  divides  as  follows : 

L  The  FBLD6PAB  OBTHOCLASB. — (o.)  Containifig  quartz  or  an 
teess  of  Mica:  granite,  granite-porphyry,  felsite-porphyry,  rhy- 
lyte,  obsidian,  pearly te,  pumice,  pitchstone. — {b,)  Containirtg  no 
uartZj  and  often  with  more  or  less  plagioclase  feldspar :  syenyte, 
ugite^syenyte,  quartzless  orthoclase-porphyry,  trachyte,  augite- 
rachyte. — (c.)  Containing  no  quartz^  ana  with  more  or  less  nephel- 
te  or  leueite:  Foyayte,  miascyte,  orthoclase-porphyry,  phonolyte 
containing  nephelite),  and  leueite  and  sanidin  rocks. 

n.    The  FELDSPAR   OF  THE   PLAGIOCLASE  OR  TRICLINIC  SERIES.-^ 

cl)  Containing  hornblende :  quartz-dioryte,  dioryte,  porphyryte, 
lomblende- porphyry,  propylyte,  quartz -propylyte,  hornblende- 
^desyte,  and  dacyte. — (A.)  Containing  biotite:  micaniioryte. — (c.) 
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Containing  augite :  diabase,  augite-porphyry,  melaphyre,  aogite> 
andedyte,  feldspai^basalt  (including  aoleryte  and  anamesyte),  and 
tachylyte. — (d.)  Containing  diaUage:  gabbro. — (e.)  Containing 
hyperathene:  hyperethenyte. — (/I)  Containing  olivine:  (serpentine) 
"  forellenstein." 

ni.  Containing  nephelite  as  the  feldspar  mineral — Nephelin- 
yte  and  nepheline-basalt. 

lY.   Containing   leucite  as  the  feldspar  mineraL  —  Sanidin- 
leucite  rocks  and  leucite-basalt.* 

To  understand  this  list  it  is  necessary  to  have  in  nodnd  some 
points  in  German  usage  connected  with  the  naming  of  rocks. 
First,  as  to  the  affix,  porphyry.  It  is  not,  as  misht  oe  inferred, 
the  name  of  a  natural  group  or  family  of  rocks,  but,  as  the  list 
shows,  it  is  applied  to  rocks  of  various  groups.  It  signifies  really 
a  porphyrttic  variety  of  some  kind  of  rock.  Felsite-porphyry  is  a 
porphyritic  felsite  (typical  porphyry) ;  granite-porphyry  is  a  por- 
phyritic  granite,  though  restricted  by  Zirkel  to  a  Kind  in  which 
the  granite  is  of  very  fine  grain,  between  ordinary  granite  and  fel- 
site. So  in  cases,  not  above  particularized,  diabase-porphyry  is  a 
porphyritic  diabase,  dioiyte-porphyry,  a  porphyritic  dioryte,  and 
so  on.  Again,  the  affiit  is  used  where  the  disseminated  crystals 
are  not  feldspar,  but  some  other  mineral:  thus,  hornblende-po^ 
phyry,  as  used  by  Zirkel,  is  a  gray  hornblendic  rock  in  which  the 
large  disseminated  crystals  are  hornblende ;  and  augite-porphyry, 
one  in  which  the  crystals  are  augite.  The  science  would  be  better 
off  without  the  word,  except  as  used  in  the  adjective  form. 

Further:  syenite  of  the  Germans  is  a  rock  consisting  of  horn- 
blende and  orthoclase  without  quartz,  unlike  the  rock  of  Syene, 
Egypt,  which  originated  the  name.  Syenite  containing  quartz  as 
a  prominent  constituent  is  made  a  variety  of  granite — although 
having  its  nearest  relations  to  other  hornblendic  rocks ;  and,  if  not 
made  the  typical  syenite,  entitled,  by  usage  elsewhere  in  the 
above  list,  to  the  name  quartz^enite. 

Again,  the  names  of  some  kinds  of  rocks  are  made  to  depend  on 
their  geological  age — an  igneous  rock  if  of  Tertiary  age  having  one 
name,  and  if  older  than  Tertiary,  another.  Thus,  labradorite  and 
augite  along  with  more  or  less  magnetite  make  together  a  rock 
which  is  called  basalt  or  doleryte  if  Tertiarv  or  younger,  and  dia- 
base if  of  earlier  date.  It  is  a  method  of  naming  which  might 
multiply  names  indefinitely,  and  which  has  nothing  to  commend 
it.  It  is  to  be  noted  also  that  Zirkel  uses  the  name  basalt  in  place 
of  dolei-yte.  Both  basalt  and  diabase  are  described  as  often  con- 
taining viridite  or  a  hydrous  chloritic  mineral.  The  term  mela- 
phyre  is  restricted  to  an  amygdaloidal  basalt — an  application  not 
always  easily  made,  since  the  same  dike  or  mass  of  rock  is  often 
amygdaloidal  in  one  small  part  and  not  through  the  rest  of  the 
mass,  and  there  is  an  indefinite  gradation  between  such  melaphyre 
and  the  chloritic  basalt.  Peridotyte,  or  basalt  containing  olivine, 
is  left  as  a  variety  of  basalt. 

*  The  y,  in  the  last  syllable  of  the  names  of  many  of  the  rodca,  is  iostvted  ^ 
the  writer. 
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Of  the  above  mentioned  rocks,  those  foand  in  western  America 
Dclnde,  nnder  I,  granite  and  granite-porphyry,  felsite-porphyry, 
yenite;  under  II,  dioryte,  hornblende-porphyry,  propylyte,  quartz- 
iropylyte,  homblende-andesyte,  dacyte,  trachyte,  rhyolyte,  dia- 
mae,  melaphyre,  gabbro,  angite-andesyte,  basalt ;  under  lY,  len- 
lie  rock. 

The  Yolnme  is  chiefly  devoted  to  the  description  of  these  rocks 
rom  different  localities,  after  a  study  of  microscopic  sections,  and 
xnnparisons  with  similar  rocks  of  other  countries ;  and  numerous 
rery  singular  and  interesting  facts  are  brought  out,  besides  impor- 
ant  illustrations  of  the  relations  and  mode  of  origin  of  the  rocks. 
Ne  add  some  notes  respecting  them,  following  the  order  in  this  list. 

Propylyte  is  the  most  prominent  rock  of  the  Washoe  district, 
Nevada,  constituting  the  entire  Virginia  range.  It  is  a  erayish- 
(reen  rock,  consisting  mostly  of  a  plagioclase  or  triclinic  feldspar, 
n  small  crystals  or  grains,  and  hornblende,  the  latter  disseminated 
n  minute  points  or  crystals  through  the  former,  and  often  in  part 
thanffed  to  chlorite  orepidote.  Apatite  is  sometimes  present,  and 
looasionally  biotite.  In  mineral  constitution  it  is  scarcely  distinct 
rem  dioryte,  the  silica,  according  to  the  analyses  given,  amounting 
o  64  to  66  per  cent  It  is  of  Tertiary  age,  and  hence  it  is  not 
tailed  dioryte ;  but,  in  addition,  it  has  generally  more  of  the  aspect 
Kf  a  modem  igneous  rock.  A  quartziferous  variety  is  the  quarts^ 
nropylyte. 

Andesyte  has,  according  to  Zirkel,  the  constitution  essentially  of 
NTopylyte,  that  is,  it  consists  mainly  of  a  plagioclase  feldspar  and 
Kxrnblende;  and  the  physical  differences  drawn  out  on  page  183 — 
och  as  a  purer  sray  color,  the  hornblende  in  coarser  crystalliza- 
ions,  etc.— are  feeble  in  kind  and  decree.  The  analyses,  however, 
rive  it  about  60  or  61  per  cent  of  silica,  and  this  would  make  the 
isldspar  of  the  rock  to  contain  four  to  five  per  cent  less  of  silica, 
kndesyte,  moreover,  has  sometimes  a  pasty  or  semi-glassy  ground- 
aass.     It  occurs  with  the  propylyte  at  various  localities. 

Dticyte  is  a  guartz-ande^yte^  and  this  variety  also  occurs  at 
Washoe  and  elsewhere.  The  color  varies  from  lisht  gray  to 
lark  blackish -brown.  The  ground -mass  is  often  rhyolitic  and 
ometimes  spherulitic,  and  thus  differs  from  that  of  andesyte  and 
propylyte.  The  analyses  show  that  the  feldspar  contains  relatively 
ittie  lime,  and  therefore  must  be,  in  the  main,  andesyte  or  oligo- 
tlase.  The  quartz,  unlike  that  of  quai-tz-propyly te,  shows  no  fluid- 
Delusions  when  microscopically  examined. 

2V*acAyfe  is  described  as  occurring  in  the  vicinity  of  Washoe, 

kod  between  there  and  Pyramid  Lake.    The  rock  consists  of  san- 

din  or  glassy  orthoclase,  but  part  of  it — the  older — contains  a 

plagioclase  feldspar  also,  and  thus  graduates  toward  andesyte. 

Pridymite  was  ooserved  in  the  younger  trachyte  in  thin  6-6ided 

elates  grouped  together  in  great  numbers.     A  "  half-glassy-lookinff 

ock"  from  the  Cow  HilTsj  between  Sheep  Corral  Cafiion  and 

fVadsworth,  of  dark  brownish-black  color,  containing  sanidin.  and 

klso  pale  green  augite  with  some  plagioclase  feldspar  and  nom- 
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blende,  is  called  an  augite4rachyte.  It  reaembles  in  general  com- 
position the  augite-syenyte  of  vom  Kath,  which  oonstitates  the 
larger  part  of  Mt.  Monzoni  in  the  South  Tyrol  Other  localities 
are  mentioned  of  trachyte  and  of  this  aogite-trachyte. 

JRhyolyte  was  so  named  by  Richthofen  in  1860.  It  was  made 
to  include  certain  trachyte-like  or  felsitic  and  more  or  less  glassy 
rocks  which  contained  disseminated  quarts,  and  bore  ^  clearer  eyi- 
dence  than  other  rocks  of  haying  once  flowed  in  a  viscous  state." 
The  more  or  less  glassy  kinds  comprise  obsidian,  peariatone,  and 
pumice.  These  Zirkel  designates  glassy  rhyolf/te.  Other  lands, 
ielaitic  and  sometimes  [>orphyritic,  not  appearing  glassy,  but  show- 
ing a  fluidal  structure  in  naying  the  ingredients  arranged  in  pa^ 
allel  wayy  bands,  instead  of  eyen-gndned,  as  seen  in  microscopic 
sections,  he  designates  proper  rhyolyte ;  and  certain  granite4u(e 
Idnds  (not  obseryed  among  the  rocks  of  the  40th  pandkl)  he  calls 
nevadyte,  Rhyolyte  is  found  at  seyeral  places  m  Neyada,  and 
many  yarieties  are  particularly  described  and  figured.  They  some- 
times contain  disseminated  quartz  crystals,  or  grainii  as  large  m 
peas.  In  some  the  structure  is  tine  granular  throughoat ;  in  others, 
there  are  glassy  lines  or  patches ;  in  others,  spherulites ;  and-  some 
are  glassy  throughout. 

Augit^-andesyte  contains  oyer  58  per  cent  of  silica — in  this  dif- 
fering from  most  igneous  augitic  or  pyroxene  rocks.  A  yariety 
from  west  of  Basalt  Creek,  Washoe,  is  brownish-black,  somewhat 
resinous  in  luster,  with  ''  white  feldspar  crystals  which  are  seldom 
tabular,''  and  contains  hyalite  in  its  amygdaloidal  cayities  and 
fissures.  The  base  is  partly  glassy.  The  feldspar  is  partly  ortho- 
clase  (sanidin)  in  twins,  and  partly  a  triclinic  species,  the  latter 
predominating.  The  percentage  of  silica  was  found  to  be  58*015. 
The  same  rock  has  been  obseryed  on  Tenerifi*e,  Jaya,  Chimborazo, 
in  Hungary,  etc.  Augite-andesyte  is  near  the  melaphyre  of  some 
lithologists,  but  difiers  in  the  base  being  partly  glassy.  It  shows 
its  relation  to  basalt  by  containing  some  chrysolite.  The  rock 
also  occurs  red,  blackish,  and  of  other  colors. 

Basalt  is  described  from  various  localities.  In  a  yariety  from 
Kawsoh  Mountains,  haying  a  structure  ^*  intermediate  between  the 
micro-porphyritic  and  the  ey en-grained,"  microscopic  ageregations 
of  tridymite  cry8tal8  were  observed,  in  the  form  oi  thin  hexagonal 
plates,  partly  overlapping  like  tiles  and  partly  in  groups.  This 
IS  the  first  time  tridymite  has  been  met  with  in  basalt ;  and  it  is 
remarked  that  ^'  since  the  basalt  comes  to  the  surface  through  or 
near  strata  of  infusorial  silica,  it  is  not  impossible,  as  Mr.  Clarence 
King  has  suggested,  that  an  included  fragment  of  this  silica  may 
be  the  source  of  the  tridymite,  in  which  case  it  would  of  course 
be  a  substance  originally  foreign  to  basalt." 

Leucite  rocks  are  described  from  the  Leucite  Hills,  northwest  of 
Point  of  Rocks,  Wyoming  Territory.  They  are  light  yellowish- 
gray  felsite-like  rocks,  very  rich  in  leucite  crystals,  and  containing 
augite  in  grains  yet  sparingly,  with  no  feldspar  of  any  kind. 
They  thus  differ  widely  from  the  European  leucite  rocks. 
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We  here  leave  the  volume.  It  is  a  rich  treasury  of  facts  respect- 
ig  American  and  other  igneous  rocks,  and  merits  thorough  study 
1  every  part  by  those  who  would  fully  understand  their  nature 
nd  relation.  *  *  j.  d.  d. 

8.  Note  upon  the  Connecticut  Valley  JSelderberg/  by  C.  H. 
[iTCHCocK.  (Communicated.) — At  the  close  of  an  article  upon 
[elderberg  rocks  in  New  Hampshire  (this  Joum.,  HI,  vol.  vii,  p. 
71),  I  proposed  to  discuss  later  the  relations  of  the  Bemardston, 
lass.,  Helderberg  limestone  to  the  associated  rocks  in  Hinsdale, 
r.  H.,  and  Vernon,  Vt.  This  has  been  done  fully  in  the  second 
olnme  of  the  Geology  of  New  Hampshire,  which  will  be  accessi- 
le  to  the  public  next  June.  I  desire  now  very  briefly  to  state 
ly  principal  conclusions.  1.  The  associated  quartzite  and  stauro- 
te  mica  slates  have  been  satisfactorily  traced  out  to  connect  with 
be  Cods  group  of  New  Hampshire,  as  was  first  suggested  by 
■rot  Dana  (this  Joum.,  Ill,  vol.  vi,  p.  339).  2.  The  limestone  does 
ot  certainly  dip  beneath  the  quartzite.  Had  the  section  been 
jawn  a  few  rods  north  the  states  would  be  found  to  dip  west  and 
be  quartzite  standing  on  ed^e  and  the  limestone  concealed  by 
oiL  On  the  west  side  of  the  limestone  is  a  west  dip  in  the  quartz- 
)e.  These  facts  suggest  the  possibility  of  a  diflerent  interpreta- 
ton  from  that  heretofore  universally  given.  The  limestone  may 
e  a  remnant  of  a  once  extensive  deposit  covering  both  the  other 
>rmations  mentioned,  and  what  remains  is  in  an  inverted  position. 
lie  limestone  in  Littleton  overiies  the  quartzite.  3.  If  the  Co58 
nd  Helderberg  strata  are  identical  in  age,  the  hornblende  schist 
ear  by  and  the  gneiss  of  Vernon  are  not  necessarily  associated 
rith  them,  nor  any  of  the  great  gneissic  areas  of  New  England. 
"he  CoOs  slates  unconformablv  overlie  the  clay  slates  (Lower  Silu- 
ian  or  Cambrian)  of  West  Mountain  and  its  continuation  north- 
ward, as  first  suggested  by  Prof.  Dana.  These  same  slates  rest 
pon  the  Quebec  group  of  Logan  in  the  Littleton  region,  and  these 
1  their  turn  upon  the  same  gneissic  group  as  in  Vernon.  4.  Next 
>  the  Helderberg  the  Co6s  rocks  are  the  newest  in  the  Connecti- 
nt  valiev  all  the  way  to  Canada ;  and  if  they  can  be  proved  iden- 
ical  with  each  other,  and  also  to  include  the  enoimous  calcareous 
rea  of  Eastern  Vermont  and  Canada,  called  "  Calciferous  mica- 
Bhisf  in  the  Vermont  Report,  they  show  that  all  the  rest  of  the 
orthem  New  England  formations  are  older,  and  hence  liable  to  be 
f  any  Elozoic  series.  5.  The  Bernardston  region  abounds  with 
xamples  of  inversions  of  the  strata.  It  is  impossible  to  propound 
ny  consistent  theory  of  structure  here  without  them.  The  same 
I  true  for  the  whole  of  New  Hampshire.  C.  Further  search  in 
be  Littleton  region  enables  me  to  correct  the  statement  of  my 
revious  article.  I  am  satisfied  that  all  the  clay  slates  of  Littleton 
re  of  the  same  age  with  those  of  West  Mountain ;  hence  at  least 
hree-fuurths  of  the  area  marked  Helderberg  on  my  map  (p.  471), 
lUBt  be  transferred  to  the  other  series.  7.  The  kinds  and  order  of 
he  Helderberg  rocks  are  essentially  alike  in  the  Littleton  and  Ber- 
lardston  fields ;  hence,  by  comparing  the  facts  in  both  regions  better 
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results  are  obtained  than  by  reliance  upon  short  sections  in  either 
one  by  itself. 
Hanover,  N.  H.,  March  1%  1877. 

4.  On  Geological  Time;  by  T.  Mellabd  Reads.  Presidential 
Address  before  the  Liverpool  Geological  Society.  28  pp.  8yo. 
Liverpool,  1877. — In  this  paper,  Mr.  Reade  has  used  the  analyses 
of  river  waters  to  determine  the  amount  of  mineral  matter  carried 
in  solation  from  the  land.  He  finds  that  the  amoont  of  water  ran 
off  the  area  of  England  and  Wales  annually  is  68,460,986,060  tons, 
equal  to  18*8  inches  in  depth  out  of  31*988  inches  of  mean  rainfall, 
leaving  13*7  inches  for  evaporation.  The  amount  of  solids  in  solu- 
tion is  8,370,630  tons,  or  12*23  parts  in  every  100,000  of  water:— 
in  which  are  about  9*50  parts  of  carbonate  and  sulphate  of  lime 
and  mai^nesia,  1*66  of  chloride  of  sodium,  0*08  of  nitrates  and  0*99 
of  alkahne  sulphates  and  carbonate  of  soda,  silica  and  sesquioxide 
of  iron.  Estimating  the  solids  in  solution  at  15  cubic  feet  to  the 
ton,  the  amount  of  denudation  by  solution  would  be  "0077  feet 
per  century,  or  one  foot  in  12,978  years.  Prestwich  arrived  at  one 
foot  in  13,200  years,  for  the  amount  of  carbonate  of  lime  which 
the  Thames  carries  off  from  the  Chalk,  Upper  Oreensand,  Oolitic 
strata  and  Marlstone.  The  Thames,  estimating  the  diacharae  at 
8  in.  per  annum,  and  the  total  solids  at  29*26,  as  given  by  Prest- 
wich, removes  147  tons  per  square  mile  per  annum ;  and  the 
denudation  over  England  143*5  tons. 

Mr.  Reade  makes  similar  calculations  for  the  rivers  of  Europe, 
and  finds  that  the  Rhine  removes  about  92*3  tons  per  square  mile; 
the  Rhone  about  232  tons ;  the  Danube  about  72*7  tons ;  giving 
an  average  for  the  three  rivers  of  90  tons  per  square  mile.  The 
Glaronae  removes  142  tons  per  square  mile ;  the  Seine  about  97 
tons.  From  these  data  the  conclusion  is  reached  that  probably 
over  the  world  about  100  tons  of  rocky  matter  are  dissolved  by  rain 
per  English  square  mile  per  annum:  of  which,  as  near  as  can  now 
DC  estimated,  50  tons  may  be  carbonate  of  lime,  20  tons  sulphate 
of  lime,  7  silica,  4  each  carbonate  and  sulphate  of  magnesia, 
chloride  of  sodium,  and  6  alkaline  carbonates  and  sulphates. 

The  amount  of  detritus  brought  down  annually  by  the  Danube 
is  about  7]j\nr  ^^  ^^^  water,  or  three  times  the  calculated  amount  of 
solids  in  solution ;  that  of  the  Mississippi,  according  to  Hum- 
phreys and  Abbott,  tsVt  ^^  ^^^  water.    Mr.  Reade  adds : 

^*  If  we  were  to  take  the  solids  removed  mechanically  at  six 
times  those  in  solution,  which  is  a  very  high  estimate,  we  should 
have  over  the  whole  of  the  fflobe  600  tons  of  denuded  matter 
annually  per  s(^uare  mile.  Taking  the  sedimentary  crust  of  the 
earth  at  ten  miles  thick  throughout — a  moderate  estimate — and 
allowing  for  the  denudation  of  the  sea  and  the  amount  added  to 
sediments  by  volcanic  eiections,  matter  equal  to  one-third  that 
which  is  denuded  from  the  land,  we  should  have  annually  removed 
and  deposited  matter  equal  to  800  tons  per  square  mile  of  land 
surface,  or  40,800  million  tons  annually.  The  total  surface  of  the 
^lobe  is  197  millions  of  English  square  miles.    A  cubic  mile  of 
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rock  at  13^  feet  to  the  ton  would  weigh  10,903,552,000  tons,  so 
that  to  cover  the  whole  surface  of  the  globe  one  mile  deep  with 
sediment  from  the  land  at  the  rate  of  800  tons  per  square  mile  of 
land  surface,  would  take  52,647,052  years,  or  526  million  years  in 
round  numbers  for  ten  miles  deep." 

6.  77ie  Carboniferous  and  Permian  a  continuous  formation 
\n  Bohemia, — A  paper  full  of  details  as  to  fossils  is  published  by 
Dr.  Feistmantel  in  the  Geological  Magazine  for  March,  in  which 
;he  author  proves  that  '^  in  Bohemia  (certainly  also  in  other  local- 
ties)  ^here  is  no  strict  boundary  between  the  Carboniferous  and 
Permian ;  on  the  contrary,  that  these  formations  are  in  very  close 
x>nnection,  as  is  shown  in  the  association  of  a  flora  of  Carbonifer- 
)n8  character  with  animals  mostly  of  Permian  character,  in  the  6as- 
x>al8  of  the  Pilsen  and  Eladno-Kakonitz  basins."  In  the  Pilsen 
x>al-ba8iD  the  gas-coal  contains  the  Permian  animal  fossils,  Xenor 
Uinihus  Decheni^  *'  one  of  the  best  Permian  species,"  an  Acanthodes 
lear  A.  gracilis  R5m.,  a  Paloeoniscus^  Uronectes  (Gampsonyx) 
md  other  species;  and  there  are  among  fossil  plants,  L^ido- 
iendron  dicKotomum  Stbg.,  Sagenaria  elegans  otbg.,  JShorriay 
LepidophyUum  mqjus  Brgrit.,  Sigillaria  distans  Stbg.,  species  of 
Cydopteris^  Odontopteris^  NeuropteriSy  about  nine  Carboniferous 
pecies  of  Sphenopteris^  fom*  Carooniferous  species  of  Cyatheites^ 
nree  of  Ahthopteris^  etc.  Similar  facts  are  reported  from  the 
)tber  district  referred  to. 

6.  Revue  de  Geologic  pour  ks  Annies  1874-1875,  Vol.  XIII; 
)y  M.  Dblbsss,  Ingenieur-en-Chef  des  Mines,  et  M.  de  Lappabent, 
!ngenieur  des  Mines,  Prof  GeoL  252  pp.  8vo,  with  a  colored 
igricultural  chart  of  France  showing  its  agricultunil  products,  by 
11.  Delesse.  1877. — From  this  valuable  Geological  Annual,  bring- 
n^  up  the  review  of  geological  memoirs  and  discoveries  to  the 
Qiddle  of  1875,  we  cite  the  following : 

Jfkldspathic  rocks  under  the  solvent  action  ^  toater,  carbonated 
waters  and  other  reagents  in  solution. — M.  Truchot  subjected  a 
eries  of  Auvergne  rocks  in  powder  for  several  days  to  water 
barged  with  carbonic  acid  under  a  pressure  of  eight  atmospheres, 
nd  obtained  the  following  percentage  results : 

Whole  am't       OaO  KcO  P,Oa 

disBolved.    remoYed.    removed,    removed. 

Granite  of  Montaigui 0*80  ...  010 

Granite  of  Trezioux 0*90  ...  0*09 

IiBvaofVolvic 1-76  0-26  008          trace 

Domite,  Puy  de  Dome 182  tr.  0*06             tr. 

Trachyte  of  Mt  Dore 2-90  tr.  018             tr. 

lie  trachyte  was  most  readily  attacked,  especially  its  silica,  and 
his  accounts  for  the  frequent  occurrence  of  opal  and  other  siliceous 
leposits  in  the  fissures  of  this  rock. 

M.  Cona,  exposing  the  syenite  of  Bielle,  finely  pulverized,  to 
rater,  dissolved  0*18  per  cent  at  the  ordinary  temperature,  and 
••42  at  100**  C. ;  to  water  saturated  with  CO,,  dissolved  0-63  per 
ent ;  to  water  saturated  with  sulphate  of  lime,  0*43  per  cent. 
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Orthoclase  feldspar  has  been  exposed  to  different  solntions  by 
A.  Beyer,  aided  by  Bimer,  Ulbricht  and  Heinrich  (Arch.  Pbarm. 
n,  cl,  193).  A  kilogram  finely  paWerized  was  pat  each  time  in 
two  liters  and  a  half  of  water  or  certain  solntions,  and  kept  bo  for 
about  five  months — out  of  contact  with  the  air.  The  weieht  in 
grams  dissolved  in  the  2^  liters  of  water  for  the  different  liquids 
was  as  follows : 

Equiv.  KfO     Na«0     CaO       MgO    9e,ab     SiO, 

Difltilled  water 0051  0-078  0068  0*006      0049 

Carbonic  add  in  water  ..  0071  0114  0076  0004  0-009  ^-069 

Lime 01  0-209  0174  0067  0-003  0*008  0061 

Magnesia 10  0*359  0*315  0013  0*004       0*159 

Magnesia  and  COt  ...  10  0*312  0*255        tr.  0*569       ...  0-048 

Gypsum 02  0053  0074  1*906  0*016       0*033 

Solphate  of  ammonium  0*2  0*161  0*094  0*122  0*035       0*066 

Chloride  of  sodium...  0*2  6*163       0*091  0*008  0-004  0-032 

The  results  are  of  much  interest,  showing  that  common  salt  and 
salphate  of  ammonium,  products  that  are  usually  in  the  soil,  in- 
crease much  the  dissolving  power  of  water;  and  still  more  do 
lime  and  magnesia — these  bases  separating  the  alkalies.  Lemberg 
has  shown  that  by  the  action  of  sulphate  of  magnesia  on  the 
aseolites,  operating  in  closed  tubes  with  heat,  they  were  changed 
to  hydrous  silicates  of  magnesia ;  apophyllite  bein^  thus  chan^d, 
losing  in  the  process  all  but  a  few  hundredths  of  its  lime.  Such 
facts  are  of  great  interest  in  connection  with  the  subject  of  the 
origin  of  serpentine  pseudomorphs. 

7.  A  fossil  Saurian  Vertebra  from  the  Arctic  Regions.— ^VroL 
A.  Lefth  Adams  has  named  the  Saurian,  a  vertebra  of  which  was 
brought  from  Rendezvous  Point,  Byam  Martin  Channel,  bv 
Admiral  Sherard  Osbom,  Arctosaurus  Osbomi.  It  is  "in  all 
probability  one  of  the  middle  cervicals  of  a  Saurian  with  biconcave 
vertebrae,"  between  ten  and  twelve  feet  long,  agreeing  "better 
with  Lacertilia  than  Crocodilia."  Sir  Edward  Belcher,  Sir  L.  Mc- 
Clintoc,  and  Admiral  Osbom  brought  many  fossils  from  the  group 
of  islands  lying  between  North  Cornwall  and  North  Devon. 
Among  others  were  remains  of  Ichthyosaurus,  detennined  by 
Prof.  Owen,  and  said  to  be  from  Lias  beSs ;  and  these  are  the  only 
Arctic  Reptilian  remains  hitherto  described. 

8.  Fossil  Vertebrates  from  the  Fort  Union  beds  of  Montana,^ 
Prof.  E.  D.  Cope  has  described  the  following  species  in  the 
Proceedings  of  the  Philadelphia  Academy  of  Natural  Sciences,  for 
1876,  p.  248:  Auhlysodon  lateralis^  Lcelaps  incrassatusy  L, 
expla7iatuSy  L,  faicidiis^  Dysganus  enanistus  (a  herbivorous  Dino- 
saur), 2>.  HaydtnianvSy  />.  bicarimttus^  D,  peiganus^  Diclonius 
pentagonus  (allied  to  Hadrosaurus)^  D.  jyerangutatus^  D.  col- 
mariuSy  Monoclo?nu8  crassus  (near  tiadrosanrus)^  Paronychodon 
kLC\tstris  (near  Plesiosaurus)^  all  based  on  specimens  of  teeth;  also 
Compsemys  imbricarius^  V.  variolosus^  Polythorax  Missuriensis^ 
Hedronchus  Stei'hbergii,  Ceratodus  cruciferus^  C,  hieroglyphm^ 
Myledaphus  bipartitus. 
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9.  A  TBOi-took  of  Mineraloffy^  with  an  extended  Treatiee  on 
OryHaUography  and  Phyeical  Mineralogy ;  by  Edward  Salis- 
lURY  Dana,  Curator  in  Mineralogy,  Tale  College.  On  the  plan 
wd  with  the  cooperation  of  Prof.  Jambs  D.  Dana.  486  pp.  large 
)to,  with  over  800  wood-onts  and  a  colored  plate.  New  York, 
1877.  (John  Wiley  &  Sons,  16  Astor  Place).— This  work  is  in- 
tended for  a  class-book  in  the  science.  One  half  is  occupied  with 
the  subjects  of  Crystallography,  Physical  Mineralogy,  and  Chem- 
ical and  Determinative  Mineralogy,  and  the  other  half  with  the 
Descriptions  of  species  and  a  Catalo^e  of  American  localities. 
rhe  subjects  of  crystallography  and  optical  mineralogy  are  treated 
it  much  length  in  order  that  the  student  may  have  at  hand  the 
neans  of  acquiring  the  special  knowledge  demanded  for  complete 
nvestigations ;  and  illustrations  and  descriptions  of  the  best  instru- 
nents  are  given  for  the  same  purpose,  besides  numerous  diagrams 
md  figures  of  crvstals.  About  seventy  pages  are  devoted  to 
lescriptive  crystallography,  over  twenty  to  mathematical  crystal- 
lOgraphj  after  Nauman's  system,  and  as  many  more  to  the  same 
ifier  Miller's  system,  each  of  which  subjects  is  very  fully  illustra- 
ted by  figures;  and  the  chapter  on  optical  characters  extends  to 
Jiirty-five  pages.  Besides,  there  are  lists  of  recent  works  and 
nemoirs  on  the  various  subjects  considered  under  Physical  Min- 
eralogy. 

The  Descriptive  part  of  the  volume  follows  in  its  classification 
wsentially  that  of  the  last  edition  of  the  system  of  Mineralogy, 
md  is,  in  the  main,  a  condensation  of  that  work.  But  all  new 
ipecies  introduced  since  the  date  of  its  publication  have  been  in- 
lerted.  The  more  important  species — about  half  of  all  known — 
ure  described  at  lengtn  (though  with  few  analyses,  and  often  only 
/he  percentage  composition),  and  the  rest  more  briefly. 

The  preraration  of  this  text-book,  as  the  Preface  states,  was 
)egun  by  Professor  Dana  shortly  after  the  appearance  of  his  larger 
wotYl  But  it  was  interrupted  before  the  crystallographic  part 
WMB  completed ;  and  in  that  state  it  has  remained  until  taken  up 
irithin  the  year  past  by  Mr.  Edward  8.  Dana.  To  Mr.  Dana  is 
lue  a  revision  of  the  crystallographic  chapter,  with  some  important 
nodifications,  the  chapter  on  Miller's  System,  the  section  on 
Optical  mineralogv,  the  notes  on  all  new  species,  and  a  general 
•eview  of  the  whole  subject,  bringing  in  results  fit)m  recent  pub- 
ications. 

For  the  full  synonymy  of  the  mineral  8f>ecies  and  the  history  of 
^hat  s^onymy,  extended  descriptions  of  American  and  foreign 
ocalities,  tables  of  the  many  chemical  analyses  of  minerals  that 
lave  been  made  from  the  earliest  timen,  notes  on  the  alterations  of 
ninerals  and  occurring  pseudomorphs,  and  some  other  points  the 
-eader  will  still  have  to  look  to  the  System  of  Mineralogy  and  its 
Supplements. 

10.  Second  Preliminary  Report  on  the  Mineralogy  of  PennsyU 
jania^  by  F.  A.  Obnth  ;  with  analyses  of  mineral-spring  waters. 
Blarrisburg,  1876. — ^This  is  a  report  of  progress,  embodying  the 
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work  doDe  upon  the  mineralogy  of  PennsylYauia  daring  the  year 
1875.  It  contains  a  considerable  number  of  new  analyses,  mostly 
of  minerals,  also  of  rocks,  mineral  waters  and  natural  gases. 
Amon^  other  points  Dr.  Genth  shows  that  the  ''  melanoHderik^* 
of  Cooke  is  "  not  a  good  species,  but  simpler  an  impure  variety  of 
hydrated  iron  sesquioxide,  probably  limonite."  The  ^  cctannUe^^ 
from  Blue  Hill,  Delaware  Co.,  described  by  Lea  as  a  variety  of 
orthoclase,  is  shown  to  contain  3*7  p.  c.  baryta;  the  mean  of  three 
analyses  gave :  Silica  62  60,  alumina  19*97,  iron  sesquioxide  0'12, 
magnesia  0*02,  lime  0*19,  strontia,  tr.,  baryta  3*71,  soda  4*48,  pot- 
ash 9-00,  ignition  0-19z=100-2d.     Specific  gravity  2*692.    s.  a.  d. 

11.  BHef  Notices  of  8ome  newly  described  minercUs,  IJudlamiie, 
— Occurs  in  small  monoclinic  crystals,  with  distinct  basal  cleav- 
age. Hardness  8*4.  S[>ecific  gravity  3*12.  Color  clear  green; 
transparent.  Its  composition  is  expressed  by  the  formula  2Fe,P| 
Og+HjFeOg+Saq,  which  requires:  Phosphorus  pentoxide  29"88, 
iron  protoxide  53*06,  water  17*06=100.  The  formula  of  vivianite, 
to  which  it  is  related,  is  Fe.P20g4-Baq.  Ludlamite  occurs  in  some 
of  the  mines  of  Cornwall,  England,  associated  with  vivianite, 
siderite,  pyrite,  arsenopyrite,  etc. — {fteldj  Phil  Mag,^  Jan.,  1877.) 

Strengite, — Occurs  usually  in  spherical  incrustations  with  a 
radiated  structure,  and  a  drusy  surface;  also  rarely  in  ortho- 
rhombic  crystals  of  tabular  form.  Hardness  3-4.  Specific  gravity 
2*87.  Color  white,  in  some  varieties  bright  carmine-red,  m  crys- 
tals also  colorless.  Transparent  to  translucent.  Composition 
expressed  by  the  formula  FePgO-+4aq,  which  requires :  Phos- 
phorus pentoxide  37*97,  iron  sesquioxide  42*78,  water  19*25=100. 
In  form  and  composition  it  is  allied  to  scorodite  (FeAs208+4aq). 
Strengite  is  founa  with  cacoxenite  at  the  iron  mine  Eleonore  near 
Giessen.— (A7e«,  Jahrb,  Min.^  1877,  8.) 

Pelagite. — The  name  pelagite  is  given  provisionally  by  Prof. 
A.  H.  Church  to  the  material  constituting  the  *'  manganese  nod- 
ules^' obtained  bv  the  Challenger  in  deep-sea  soundings  in'  the 
Pacific.  An  analysis  afforded  the  following  results:  Manganese 
dioxide  30*22,  iron  sesquioxide  20*02,  alumina  3*30,  silica  10*37, 
chlorine  0*71,  Mg,  Ca,  Na,  etc.,  0*83,  water  lost  below  100°  24-65, 
lost  at  a  red  heat  lO'OOzzlOO.  It  will  be  seen  that  the  nodules, 
if  homogeneous,  have  a  complex  chemical  composition,  and  by  no 
means  consist  essentially  of  '^  nearly  pure  peroxide  of  manganese,^' 
as  had  been  reported.  As  stated  by  Prof.  Church,  the  further 
analysis  of  additional  material  is  needed  before  the  name  pelagite 
can  be  fairly  accepted. — ( Churchy  Mineralogical  Mc^azinCj  Na  2, 
p.  50,  Nov.,  1876.) 

Ztavyrencite, — M.  DaubrSe  has  given  the  name  lawrencite  to  the 
protochloride  of  iron,  the  presence  of  which  he  has  detected  in 
the  Greenland  meteoric  iron.  It  was  earlier  separated  by  Dr.  J. 
Lawrence  Smith  from  the  Tennessee  meteoric  iron,  and  the  name 
is  ffiyen  in  honor  of  him. — (C,  A,  Jan.,  1877.^ 

ISydrocdstorite. — G.  Grattarola  of  Florence  has  observed  a 
white  mealy  material  surrounding  the  castorite  of  Elba,  and  he 
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makes  it  a  new  mineral  und^  the  name  hydrocastorite,  it  havint^ 
been  derived  from  the  decompoBition  of  castorite.  It  is  in  part 
compact,  in  part  it  is  made  up  of  an  aggregate  of  fine  needlelike 
crystals.  Its  composition  is  shown  by  the  analysis:  Silica  59*59, 
alumina  21-35,  lime  4*88,  water  14*66=99*98. 

€h*anajuatUe, — ^The  sulpho-selenide  of  bismuth  from  Ouana- 
joato,  Mexico,  partially  described  by  Castillo,  (1873),  and  later 
folly  described  DY  Frenzel  (Jahrb.  Min.,  1874,  679),  was  named 
flrenzelUe  in  the  Second  Appendix  to  Dana's  Mineralogy  (1875,  p. 
22).  It  seems,  however,  tnat  the  same  mineral  was  at  first  named 
gxianc^uatite  by  Fernandez,  who  described  it  in  full  in  the  Guana- 
juato paper,  "  La  Rep^blica"  for  July  13th,  1873.  The  latter 
name  should  consequently  be  accepted  instead  of  the  name  fren- 
tdiU.  The  description  by  Professor  Fernandez  difiers  from  that 
of  others  in  that  he  makes  the  mineral  solely  a  bismuth  selenide 
(Bi^Se.),  and  attributes  the  presence  of  a  small  amount  of  sul- 
phur, shown  in  his  analyses,  to  the  admixture  with  a  little  pyrite. 
The  material  analyzed  by  Frenzel  received  the  formula  2Bi2S^3-|- 
Bi.S,. 

BiUMmiU,—lxi  the  paper,  "La  Rep^blica,"  for  Dec.  23d,  1873, 
Professor  Fernandez  describes  a  second  bismuth  selenide  from  the 
same  locality,  the  Santa  Catarina  mine  at  Guanajuato.  It  has  a 
lead-gray  color,  and  is  compact  in  structure.  Its  hardness  is  a 
little  less  than  that  of  calcite;  its  specific  gravity  6'428  — 6*45. 
The  results  of  several  analyses  upon  material  more  or  less  pure 
led  to  the  conclusion  that  the  chemical  composition  is  expressed 
by  the  formula  BigSe.  e.  s.  d. 

1 2.  Zeitschr\/t  fUr  Kry^aUographie  und  Mineralogie  ;  vol.  i, 
Na  1,  1877. — ^Tbe  first  number  of  this  new  Journal,  recently 
received,  admirably  fulfills  the  promises  made  in  the  Prospectus. 
(See  p.  162  of  this  volume.)  It  contains  the  following  original 
EUticles:  Mineralogical  contributions  by  G.  vom  Rath ;  description 
of  some  immense  enstatite  crystals  from  Bamle,  Norwav,  by  W. 
C.  BrOgger  and  G.  vom  Rath ;  on  the  crystalline  form  of  lanarkite, 
by  A.  Schrauf ;  on  the  regular  grouping  of  quartz  crystals  on  cal- 
Bite,  by  £.  S.  Dana ;  on  the  dimorphism  of  hydrochinon  and  para- 
nitro  phenol,  bj  O.  Lehmann ;  a  manganese  variety  of  tremolite, 
by  6.  A  .Koenig ;  on  the  form  of  crystals  of  barium  sulphate,  etc., 
by  EL  Baumhauer ;  on  the  schorlomite  from  the  Kaiserstuhl,  by 
A.  Knop.  In  addition  to  the  above  articles,  a  series  of  notices 
ind  extracts,  upwards  of  thirty  in  number,  and  covering  as  many 
pages,  follow.  These  are  derived  from  a  great  variety  of  sources, 
md  form  not  the  least  valuable  part  of  the  number.  Under  the 
ible  editorship  of  Professor  Grotli,  it  cannot  be  doubted  that  the 
lew  Journal  will  always  maintain  the  high  character  it  has  at  its 
commencement.  e.  s.  d. 

13.  Ueber  den  inneren  Zusammenhang  der  verschiedenen  Krys- 
'aUge$talUen  des  Kalkspatha^  von  Dr.  F.  Scharff  ;  61  pp.  4 to,  with 
ive Jplates.  Frankfort,  1876. — The  memoirs  previously  published 
)y  Dr.  Scharff  upon  the  interior  crystalline  structure  of  several 
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mineral  species,  as  quartz,  feldspar,  ^3>stim,  have  been  most  valu- 
able contributions  to  tbe  subject  of  Crystallogeny ;  and  the  same 
is  eminently  true  of  the  present  memoir  upon  Galoite.  Dr. 
Scharff  describes  with  great  care  and  minuteness  the  results  of  his 
observations  upon  a  large  series  of  calcite  crystals,  and  the  de- 
scriptions are  turther  elucidated  by  many  excellent  figures.  His 
attention  was  especially  directed  to  those  cases  in  which  the  for- 
mation of  the  crystals  was  incomplete,  or  had  been  in  some  way 
interrupted,  and  trom  these  sources  he  draws  his  conclosions  as  to 
the  method  of  fbrmation  of  the  crystals,  and  the  conditions  deter- 
mining their  growth.  b.  a.  d. 

14.  Upon  the  Chemistry  and  Composition  of  the  Porcelain  and 
Porcelain-rocks  of  Japan;  by  Henry  Wurtz. — ^Dr.  Wurt*  has 
published,  in  a  recent  number  of  the  American  Chemist,  a  paper  of 
some  length  upon  the  porcelain-making  of  the  Japanese,  prepared 
by  him  in  his  capacity  as  Judge  in  one  of  the  departments  of  the 
Centennial  Exhibition.  He  eives  a  description  of  the  occnnence 
of  the  materials  in  Japan,  and  the  methods  employed  in  the  prepa- 
ration of  the  porcelain  from  them.  The  chemical  composition  of 
both  tbe  natural  materials  in  their  different  yarieties  ana  the  man- 
ufactured products  are  also  given  at  length  in  a  series  of  analyses. 

in.  Botany  and  Zoology. 

1.  Dictionnaire  de  Botanique^  par  M.  H.  Baillon,  Paris. 
(Hachette  &  Cie.) — We  noticed  the  first  fascicle  at  the  time  of  its 
appearance.  The  second  and  third  are  now  received,  reaching  to  p. 
240,  and  to  the  article  Apothecitim;  so  that  about  800  pages  will  be 
devoted  to  the  first  letter  of  the  alphabet.  The  work  must  needs  be 
voluminous,  for  it  is  a  veritable  encyclopedia,  and  various  articles 
hate  developed  almost  into  treatises,  with  profuse  and  excellent 
wood-cut  illustrations.  The  main  articles  of  this  sort  in  the  pres- 
ent fascicles  are  Albumen^  Aleurone^  ^^ffce.  Aliments  dee  planteSj 
Alternance  des  ginerations^  Amidon  (starch),  Androde  (which 
should  be,  as  M.  Littr6  says,  Androecie^  under  which  synonym  only 
is  the  proper  derivation  given),  Anth^re^  Antheridie,  and  Anther- 
ozoides.  The  work  improves  as  it  advances,  and  if  in  danger  of 
being  too  bulky,  it  is  certainly  low-priced,  considering  execution, 
and  fullness  of  illustration. 

Under  AinsUoea,  by  some  mischance,  it  is  said  that  to  this  im- 
perfectly known  genus,  Parthenice  Tor.  &  Gray  probably  belongs; 
and  over  the  leaf -there  is  something  equally  confounding  under 
Aiolotheca.  The  explanation  is  that  the  last  five  lines  of  the  two 
articles  have  been  accidentally  transposed  in  manuscript  or  type, 
and  then  one  word  altered  in  proof-reading.  a.  g. 

2.  Flora  Fossilis  Arcttca  ;  Die  Fossile  Flora  der  Polarldnder, 
von  Dr.  Oswald  Hebr,  Vierter  Band,  mit  65  Tafeln,  4to,  Zurich, 
J.  Wurster  &  Comp.  1 877. — This  fourth  volume  of  a  classical,* and 
to  us  particularly  interesting  work,  is  a  collection  of  three  memoirs. 

First,  Beitr&se  zur  fossil  en  Flora  Spitzbergens ;  with  a  geological 
appendix,  by  ftot  1^  orden^toSV^.    A\!!CM^\ySQi\v.^to  the  rourteenth 
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Tolome  of  the  memoirs  of  the  Royal  Swedish  Academy  of  ScieDces, 
Stockholm,  no.  5,  iflsued  in  1876. 

Second,  Beitr&ge  znr  Jura-Flora  Ost-Sibiriens  mid  des  Amnr- 
landea,  is  from  the  memoirs  of  the  Imperial  Academy  of  Sciences, 
of  St.  Petersburg,  vol  xzii,  issued  in  1876. 

Third,  A  smailpart.  with  only  two  plates,  Ueber  die  Planzen- 
Yersteinerungen  Von  Andd  in  Norwegen,  apparently  has  not  else- 
where appealed. 

This  East  Siberian  Jurassic  flora  is  rich  in  Oingkos  (seven 
species),  with  some  allied  Taxineous  genera,  as  well  as  some 
TaxodiecBy  more  AbietijiecBj  and  three  Monocotyledons  (Pandanece). 
Hie  Spitsbergen  deposits  referred  to  that  era,  furnish  six  or  seven 
species  or  iforms  of  Gingko,  three  Pines,  and  a  sort  of  Bamboo ; 
toe  Cretaceous,  three  or  four  Pines,  Sequoias,  a  Torreya^  etc. ;  and 
the  Miocene  has  Taxodiwn^  Olyptostrohua^  Sequoia^  Cyperus^ 
CareXj  Maianthemum^  Alisma^  seven  Poplars,  two  Alders,  three 
Hazels,  a  Hornbeam,  a  Beech,  four  Oaks,  an  Elm,  a  Plane-tree, 
an  Ivy,  five  species  of  ComuSy  two  of  Nysaa^  and  a  NyssidvurOy 
two  of  Magnolia^  a  ParroUia,  a  Tt/ia,  three  Maples,  a  Kcelreutera^ 
three  Hawthorns,  and  a  veritable  fossil  strawberry !  a.  g. 

3.  Proceedings  and  Transactions  of  the  Nova  Scotia  Institute 
of  Natural  Science^  vol.  iv,  part  2,  1877. — ^This  part  is  rather  rich 
botanicallv.  Professor  Sommers  institutes  an  elaoorate  comparison 
between  the  flora  of  Nova  Scotia  and  that  of  Colorado.  Rev.  E. 
H.  Ball,  gives  an  interesting  and  readable  account  of  the  Ferns  of 
Nova  Scotia.  Prof.  Lawson,  in  notes  Upon  some  Nova  Scotian 
plants,  takes  up  the  Calluna  vulgaris  question,  enumerates  the 
known  stations  m  the  provinces,  and  the  circumstances  and  condi- 
tion of  most  of  them ;  and  concludes  that  while  one  or  two  of 
them  may  be  artificial,  ^  it  has  been  originally  a  native  indigenous 
plant,''  and  ^  that  the  various  traditions  as  to  the  foreign  origin  of 
the  heather,  are  not  unlikely  to  have  been  suggested  by  the  desire 
to  account  for  the  presenc-e  of  what  waR  regarded  as  necessarily  a 
foreign  plant,  rather  than  by  actual  historical  facts."  There  are 
several  communications  relating  to  Rhododendron  maximum^ 
which  has  its  northern  and  eastern  limit  in  Nova  Scotia.  Finally, 
Professor  Sommers  gives  a  catalogue  of  the  plants  of  the  Province. 

A.  G. 

4.  Itady  Smithy  the  widow  of  Sir  James  Edward  Smith,  and  his 
survivor  for  almost  half  a  century,  died  on  the  third  of  February 
last.  She  was  bora,  May  11,  1773.  An  authenticated  copy  of  the 
register  of  her  baptism  was  printed  in  the  London  Times  (which 
has  been  skeptical  about  centenarians)  alon^  with  an  interesting 
biographical  notice.  There  is  no  room  for  doubt  that,  if  she  had 
survived  three  months  longer,  she  would  have  been  104  years  old. 
She  not  only  lived  long  but  enjoyed  life  to  the  last.  She  wrote  a 
clear  and  nrm  hand,  at  least  up  to  her  hundredth  year ;  her  eye- 
sight of  late  failed  only  so  far  tnat  she  was  unable  longer  to  read 
or  guide  her  pen ;  '*  her  hearing  was  at  worst  only  a  little  hard," 
her  teeth  were  almost  perfect,  and  her  memory  was  nearly  unim- 
paired.   Since  Dr.  Torrey's  death,  probably  tVve  ot\^  w«NYS[va.^ 
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correspondent  of  her  hosband  is  Dr.  Jacob  Bigelow,  who  on  the 
27th  of  February  attained  the  a^e  of  90.  a«  g. 

5.  Joseph  de  I^otarU^  the  distinguished  Italian  Brvologist,  who 
was  bom  on  the  5th  of  May,  1805,  and  who  was  lately  transferred 
from  the  chair  of  botany  in  the  University  of  Genoa^  to  that  at 
Rome,  died  on  the  22d  of  January  last.  a.  o. 

6.  Recent  Papers  on  Fungi, — ^The  following  are  articles  of  in- 
terest, which  have  recently  appeared : 

(1.)  Reproduction  des  AscomyccUs^  par  M.  Max  Corku, — 
Annales  des  Sciences  Naturelles,  6®  S^rie.    Tome  iiL 

(2.)  JBeUrdffe  znr  Kenntnias  der  Pycniden  1 ;  von  Dr.  HsBiCAim 
Baukb. — In  the  two  papers  by  Ck>mn  and  Bauke,  an  attempt  has 
been  made  to  discover  the  nature  of  the  organs  known  as  tpermcUiUy 
Btyloaporea^  s^ndpycnidia.  The  two  last  named  organs,  since  tbe 
publication  of  Tulasne's  Carpologia,  have  been  generally  admitted 
to  be  secondary  forms  of  species  of  Ascomycetes.  Certun  cases, 
however,  seemed  to  point  to  the  conclusion  that  some  pycnidia 
were,  independent  organisms,  and  it  was  to  settle  this  point  that 
Dr.  Bauke  made  his  investigations.  His  method  consisted  in  the 
artificial  cultivation  of  different  spores,  and  resulted  in  a  general 
confirmation  of  Tulasne's  views.  The  observations  of  Comu  have 
extended  over  several  years ;  and,  in  regard  to  the  spermatia,  he 
comes  to  the  conclusion  that  they  cannot  be  considered  male  o^ 
gans.  He  has  observed  that  they  terminate,  and  thinks  that  they 
must  be  regarded  as  a  form  of  stylospore.  Although  contrary  to 
the  view  generally  maintained  as  to  the  nature  of  spermatia,  aod 
to  the  views  expressed  by  Stahl  in  the  Bot.  Zeitung,  Mar.  20,  1874, 
Cornu's  view  coincides  with  what  has  recently  been  published  in 
the  Bot.  Zeitung  and  Coraptes  Rendus  with  regard  to  the  sap- 
posed  spermatia  of  species  of  Coprinus  by  BrefeTd  and  Von  Tie- 
ghem.  The  reason  why  the  germmation  of  spermatia  has  not  been 
seen  until  recently  is  explained  by  Cornu  by  the  fiact  that  most 
cultures  of  spermatia  have  been  made  with  pure  water,  whereas 
the  presence  of  some  special  nutritive  fluid,  as  solution  of  gum, 
bark,  etc.,  seems  to  be  necessary.  Comu  was  led  to  this  conclo- 
sion  by  noticing  that,  when  sown  on  a  glass  slide,  under  a  cove^ 
glass,  the  spermatia  germinated  more  readily  on  the  side  next  the 
gummed  label 

(3.)  Ueber  den  OUterrost  der  JBimbdume  und  seine  Bekdrnpf- 
ung  /  von  Dr.  G.  Kramer  ;  An  interesting  paper  in  the  Schweii- 
erische  landwirthschaflliehe  Zeitschrift  on  a  disease  of  pear  trees, 
caused  by  Rtestelia  cancellcUa  Rebent,  which  Dr.  Kramer  atp-ees 
with  Oersted  in  considering  a  form  of  Podesoma  fuacum  Duby 
occurring  on  Juniperus  sabina^  L.  w.  G.  f. 

7.  Destruction  of  Forest  Trees  by  Mistletoe ;  by  E.  S.  Crozieb. 

?rrom  letter  to  Editors  dated  Louisville,  Ky,,  March  9,  1877.)— 
he  American  Mistletoe  {Phoradendronflavescens)  is  very  common 
in  this  latitude  (38^),  and  bids  fair  to  become  an  important  factor 
in  the  forest  culture  of  regions  favorable  to  its  growth.  It  grows 
luxuriantly  upon  tbe  branches  of  the  elm  and  black  walnut;  and 
it  has  increased  to  such  au  exleut  that  large  forests  of  the  latter 
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are  now  almost  destroyed.  In  many  sections  this  valuable  timber 
has  entirely  disappeared ;  and  in  others  the  branchless  trunks, 
■till  standing,  attest  the  destmctive  effects  of  this  parasite.  As 
soon  as  a  bnnch  of  mistletoe  fixes  itself  upon  a  branch,  the  out- 
ward extremity  ceases  to  grow,  and  finally  dies.  The  tree  soon 
presents  a  cluoby  appearance,  followed  by  death.  A  grove  of 
black  walnuts,  just  east  of  this  cit^,  was  notable  a  few  years  aeo 
for  its  depth  of  foliage  and  the  thrifty  growth  of  its  individuals. 
It  is  now  a  picture  of  desolation.  A  few  years  will  witness  its 
total  destruction.  The  importance  of  this  subject  to  the  indus- 
trial interests  of  the  countrjr  should  commend  it  to  the  attention 
of  those  interested  in  arboriculture,  in  the  hope  that  some  means 
may  be  devised  for  preventing  the  ravages  of  this  parasite. 

8.  Median  mid  Paired  JFifiSj  a  Contribution  to  the  history  of 
Vertebrate  Limbe;  by  James  K.  Thachbb. — This  memoir  is  from 
volume  iii  of  the  Transactions  of  the  Connecticut  Academy.  It 
18  the  result  of  a  careful  comparison  of  the  fins  of  various  species 
of  fishes  at  early  stages  of  growth,  and  is  illustrated  by  twelve 
platea.  The  view  reached  is  in  opposition  to  that  of  Gtegenbaur 
on  the  sabject,  and  is  expressed  thus : 

As  the  dorsal  and  anal  fins  were  specializations  of  the  median 
Folds  of  Amphioxus,  so  the  paired  fins  were  specializations  of  the 
two  lateral  lolds  which  are  supplementary  to  the  median  in  com- 
pleting the  circuit  of  the  body.  These  lateral  folds,  then,  are  the 
Domologues  of  the  Wolffian  ndges,  in  embryos  of  higher  forms. 
Here,  as  in  the  Median  fins,  there  were  formed  chondroid  and 
finally  cartilaginous  rods.  These  became  at  least  twice  sclented. 
The  orad  ones,  with  more  or  less  concrescence  proximaTly,  were 
prolonged  inwards.  The  cartilages  spreading  met  in  the  middle 
line,  and  a  later  extension  of  the  cartilages  dorsad  completed  the 
limb  girdla 

If  now  we  seek  to  determine  the  form  of  limb  for  -the  Protogna- 
diostomi,  that  is  to  say,  for  that  time  for  which  the  archipterygium 
in  its  entirety  is  proposed,  we  should  propose  this : 

The  limbs  of  the  Protognathostomi  consisted  of  a  series  of 
parallel  articulated  cartilaginous  rays.  They  may  have  coalesced 
9omewhat  proximally  and  orad.  In  the  ventral  pair  they  had  ex- 
tended themselves  mesiad  until  they  had  nearly  or  quite  met  and 
formed  the  hip  girdle.  They  had  not  here  extended  themselves 
iorsaL  In  the  pectoral  limo  the  same  state  of  things  prevailed, 
but  was  carried  a  step  further,  namely,  by  the  dorsal  extension  of 
the  cartilage  constituting  the  scapular  portion,  thus  more  nearly 
forming  a  ring  or  girdle. 

IV.  Astronomy. 

1.  Elements  of  BoreUy^ 8  Comet;  by  Aaron  N.  Skinner,  Assis- 
^nt  U.  S.  Naval  Observatory.  (From  a  letter  to  the  editors,  dated 
{Washington,  D.  C,  March  18,  1877.) — ^I  have  deduced  the  follow- 
ing elements  of  Borelly's  Comet  from  equatorial  observations 
made  at  this  Observatory,  February  9,  12  and  17. 


824 


Scientific  IrUdUgenoe. 


T  =  1877,  Jan.  18-9658,  Wash.  M.  T. 
71=l\W   16'   82M 

Q  =  187     10      4   V  Apparent  Eqainoz,  Feb.  18*7. 
t=152     20     28  ) 
log  g  =  9-90709 

The  oonstants  for  compnting  the  rectangular  coordinates  are: 
jc'  =  9-90639  sin  (260**'7068+«)  sec  «|t> 
y'  =  9-71223  sin  (386''-7634+v)  sec  «|» 
2f  z=  9-79466  sin  (34d''-401o4-v)  tec  s|o 

2.  Note  on  the  Photographic  Spectra  of  Stare ;  by  Willum 
HuooTNS,  D.C.L.,  LL.D.,  F.K.S.  (From  the  FroeeedinffS  of  the 
Royal  Society,  No.  176,  1876).— In  the  year  1868  Dr.  Biiller,  and 
myself  obtained  the  photograph  of  the  spectram  of  Siiins.  ''On 
the  27th  January,  1863,  and  on  the  3d  of  March  of  the  same  year, 
when  the  spectrum  of  this  star  (Sirius)  was  caused  to  fkll  upon  a 
sensitive  collodion  surface,  an  intense  spectrum  of  the  more 
refrangible  part  was  obtained.  From  want  of  accurate  adjustment 
of  the  focus,  or  from  the  motion  of  the  star  not  being  exactly  com- 
pensated by  the  clock  movement,  or  from  atmospheric  tremor,  the 
spectrum,  though  tolerably  defined  at  the  edges,  presented  no 
indications  of  lines.  Our  other  investigations  have  hitherto  pre- 
vented us  from  continuing  these  expermients  further;  but  we 
have  not  abandoned  our  intention  of  pursuing  them.*'*  I  have 
recently  resumed  these  experiments  by  the  aid  of  the  18-ineh 
speculum  belonging  to  the  Royal  Society's  telescope  in  my 
possession.  Considerable  delay  has  arisen  from  the  necessity,  for 
these  observations,  of  a  more  uniform  motion  of  the  driving-clocL 
For  this  purpose,  Mr.  Howard  Grubb  has  successfully  applied  to 
the  clock  the  control  of  a  seconds  pendulum  in  electric  connection 
with  a  sidereal  clock.  This  system  works  quite  satisfactorily. 
The  prisms  employed  are  made  of  Iceland  spar,  and  the  lenses  of 
quartz.  After  an  extensive  trial  of  different  photographic  processes, 
preference  has  been  given  to  dry  plates.  The  apparatus  is  so 
arranged  that  a  solar  or  electric  spectrum  can  be  taken  on  the 
same  plate,  for  the  purpose  of  comparison,  with  the  spectnim  of 
the  star.  Spectra  have  been  obtained  of  Sirius,  Vega,  Venus,  the 
Moon,  etc.  I  do  not  purpose  in  this  preliminary  notice  to  describe 
in  detail  the  arrangements  of  the  special  apparatus  which  has 
been  constructed,  nor  to  offer  the  results  of  the  experiments  in 
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their  present  incomplete  state  to  the  Royal  Society.  Still  I 
venture  to  hope  that,  even  in  this  early  stage  of  the  inquiry,  the 
enlarged  copy  of  the  spectrum  of  Vega  (a  Lyrae)  which  accom- 
panies this  note  may  not  be  regarded  as  altogether  unworthy  of 

*  PhiL  Trans.,  1864,  p.  428. 
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attention.  After  expoenre  to  the  light  of  Vega,  the  dry  plate 
was  allowed  to  remain  in  the  instroment  until  the  following 
morning,  when  a  solar  spectrum  was  taken  upon  it,  through  the 
half  of  the  slit  which  had  remained  closed  when  the  instrument 
was  directed  to  the  star.  The  photograph  shows  seven  strong 
lines,  all  of  them  slightly  shaded  at  the  sides.  The  two  lines 
which  are  least  refrangible  coincide  with .  two  known  lines  of 
hydrogen  in  the  solar  spectrum.  It  is  expected,  by  means  of  an 
apparatus  now  in  the  course  of  construction,  to  obtain  also  any 
finer  lines  which  may  be  present  in  thd  spectrum  of  this  star,  as 
well  as  to  extend  the  photographic  method  to  stars  which  are  less 
bright.  I  need  not  now  refer  to  the  many  important  questions  in 
connection  with  which  photographic  observations  of  stars  may  be 
of  value. 

8.  T(Me»  of  the  SateUUea  of  Jupiter;  by  D.  P.  Todd.  40  pp.  4to. 
— ^Published  for  the  American  Ephemeris  by  authority  of  the 
Secretary  of  the  Navy.  The  tables  of  Damoiseau  published  in 
1836  give  the  places  of  Jupiter's  satellites  u|>  to  the  year  1880. 
The  present  tables  are  a  continuation  of  Damoiseau's  by  the  same 
formolsB  and  elements  to  the  year  1900. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Geological  Society  of  Xondoru-^At  the  Annual  Meeting, 
February  16th,  the  Wollaston  Gold  Medal  was  presented  by  the 
President  of  the  Society,  to  Mr.  Robbbt  Mallet,  for  his  able 
researches  on  earthquakes,  volcanoes,  volcanic  energy,  and  other 
important  scientific  labors ;  the  Murchison  Medal  to  Rev. ' W.  6. 
Clabke,  of  Sydney,  Australia,  for  his  various  geological  discov- 
eries daring  the  half  century  jpast  in  New  South  W  ales ;  the  Lyell 
Medal  and  part  of  the  Lyeu  Fund  to  Jambs  Hector,  Director 
of  the  Geological  Survey  of  New  Zealand ;  the  balance  of  the  pro- 
ceeds of  the  Lyell  Fun^  to  Mr.  Pbngellt,  for  his  explorations  of 
Kent's  Cavern. 

At  the  same  time  the  Bigsby  Medal,  founded  last  year  by  Dr. 
Bigsby,  F.RS.,  F.G.S.,  formerly  an  able  worker  in  the  geology 
and  paleontology  of  British  North  America,  was  given  to  Prol 
O.  0.  Marsh,  of  Yale  College,  "  in  recognition  of  the  great  gervices 
which  Prof.  Marsh  has  rendered  to  the  paleontology  of  the  Ver- 
tebrates ;''  whose  studies  include  *'  fossil  remains  of  nearly  every 
great  group  of  the  Vertebrata  from  the  Paleozoic,  Cretaceous 
^nd  Cenozoic  strata  of  the  New  World,"  and  "  are  so  numerous 
and  so  important  as  to  mark  an  epoch  in  this  line  of  research."  * 

2.  Bulletin  of  the  Buffalo  Society  of  Natural  Sciences^  vol. 
Ill,  No.  4.  1877. — ^This  number  of  the  bulletin  contains  a  check- 
list of  the  fresh-water  fishes  of  North  America  (concluded)  by 
D.  S.  Jordan ;  the  Shinuraoa,  by  F.  S.  Dellenbaugh ;  on  the 
peopling  of  America,  by  A.  R.  Grote ;  on  the  Hyphomecetous 
Fungi,  by  M.  C.  Cooke.  Mr.  Grote's  paper  applies  the  idea 
respecting  the    migrations    of   species  in    consequence    of   the 
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approach  and  retreat  of  the  cold  and  ice  of  the  Olacial  era  (which 
has  been  illustrated  by  different  authors  with  respect  to  plants 
and  animals  generally,  and  in  Europe  as  re|?ards  man)  to  man  in 
North  America,  but  without  any  special  facts  in  proof  of  the 
suggested  migration. 

3,  The  California  State  Geological  Society  "  has  been  recently 
incorporated  for  the  purpose  of  making  a  collection  of  mineral 
products  of  the  Pacific  coast,''  promoting  the  progress  of  economic 
Geology,  and  '^  encouraging  the  study  of  Geology  in  all  its 
branches."  The  President  of  the  Society  is  Mr.  Hbkbt  G.  Hanks, 
and  the  Secretary  S.  Hetdknpeldt,  Jr. 

4.  Meteorology  of  Golden^  Colorado^  in  lat.  39®  44'  24'  N., 
long.  28°  8'  10  W.,  6,618  feet  above  the  sea. — Mean  temperature 
for  1876,  61*64®  F. ;  precipitation  18*36  in.;  mean  temperature  of 
the  warmest  day  80*'3r  F. ;  do.  of  the  coldest  day  (March  10)  8®  F. 
above  zero;  mean  temperature  of  the  winter  months,  36*18®  F. ; 
spring,  46*90;  summer,  69*90;  autumn,  64*60;  winds  between 
Is.E.  and  S.£.  20  to  30  days  for  the  several  seasons,  and  between 
W.,  S.  and  S.E.  20  to  30  days  for  the  several  seasons,  and  between 
N.  and  S.W.,  67  to  72  days  for  the  seasons. — E,  L,  Berthoud^  in 
Colorado  Transcript  for  Jan.  10. 

6.  TTie  American  Microscopical  Society  of  the  City  of  Jfew 
York. — At  the  annual  meeting  held  January  9th,  the  following 
officers  were  elected  for  the  ensuing  year :  President,  John  R 
Rich,  M.D.,  1  West  38th  street,  N.  Y. ;  Vice-President,  Wm.  tt 
Atkinson,  M.D.,  41  East  9th  street,  N.  Y. ;  Secretary,  O.  G. 
Mason,  Bellevue  Hospital. 

6.  Remarks  on  the  Structure  of  Precious  Opal, — Prof  Lbidt 
has  an  article  in  the  Proceedings  of  the  Academy  of  Natural  Sd- 
ences  of  Philadelphia  for  1876,  p.  196,  on  the  microscopic  structure 
of  the  opal  of  Queretaro,  Mexico. 

7.  Shoal  in  the  Atlantic  300  to  400  miles  northeast  of  Madeira 
and  130  miles  from  Cape  St.  Vincent — Commander  Gorringe,  of 
the  United  States  sloop  Gettysburg,  has  discovered  a  bank  in 
36®  29'  N.  and  11®  33'  W.  with  only  thirty-two  fathoms  water  over 
it,  and  1626  fathoms  to  the  southeast  and  southwest  of  it.  It  is 
about  200  miles  west  of  the  Josephine  Bank  which  has  a  depth  of 
eighty-two  fathoms,  and  lies  nearly  in  a  line  between  Madeira  and 
Cape  St.  Vincent.  Nature^  of  March  1,  gives  a  map  of  that 
portion  of  the  Atlantic  from  Capt.  Gorringe's  soundings  and  thoae 
of  the  Challenger,  in  January,  1873,  and  the  German  frigate 
Gazelle,  in  1874. 

OBITUARY. 

WoLPQANG  Sartorius  VON  Waltbrshausek,  the  distinguished 
author  of  works  and  memoirs  on  volcanic  rocks,  minerals,  and 
phenomena,  including  extended  treatises  on  those  of  Iceland 
and  £tna,  and  Professor  of  Mineralogy  and  Geology  in  the 
University  of  Gdttiugen,  died  on  the  16tn  of  October  last,  at  the 
age  of  nearly  sixty-seven.  He  was  the  author  also  of  memoirs  on 
terrestrial  magnetism,  meteorology  and  paleontology. 
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Abt.  XXX VIL — On  Vortex  Rings  in  Liquids;  by  John  Tbow- 
BRIDOJB,  S.D.,  Assistant  Professor  of  rhysics.     {Omtributions 
fnjfm  Physical  LabonUory  of  Harvard  College.     No.  XVIII.) 

[Pweatod  at  the  Meeting  of  the  Am.  Acad,  of  Arts  and  Sdenoee,  Mar.  14, 18*77.] 

It  has  often  been  observed  by  chemists  that  a  drop  of  colored 
liqaid  falling  from  a  burette  into  a  liquid  of  a  different  specific 
gravity,  in  which  it  can  diffuse,  assumes  the  form  of  a  ring. 
Vortex  motion,  by  the  researches  of  Helmholtz,  Thomson,  Ran- 
kine,  and  Maxwell,  is  now  attracting  so  much  attention,  that  I 
have  thought  that  a  study  of  the  general  equations  of  motion 
of  matter  in  connection  with  a  study  of  these  rings  would  con- 
tribute to  our  knowledge  of  vortex  movement. 

Pfol  W.  B.  Rogers  published  in  this  Journal,  xxvi,  1858,  a 
paper  on  smoke  rings  and  liquid  rin^,  and  described  several 
methods  of  studying  them.  In  Professor  Tait's  "  Recent  Ad- 
yances  in  Physical  Science,"  a  method  of  forming  smoke  rings 
is  given.  The  apparatus  consists  merely  of  a  large  box  closed 
at  one  end  by  a  thin  sheet  of  india  rubber,  or  with  a  tightly 
stretched  towel,  atid  having  a  circular  opening  of  six  or  eight 
inches  in  diameter  at  the  other.  Clouds  of  sal-ammoniac  vapor 
are  mnerated  inside  the  box,  and  rings  are  expelled  from  the 
circular  opening  by  a  blow  upon  the  rubber  or  towel.  Sir 
William  Thomson  suggests  that  two  such  boxes  placed  so  that 
the  rings  may  impinge  on  each  other  at  any  angle  would  form  a 
useful  apparatus  for  studying  the  behavior  of  such  rin^  toward 
each  other.  At  the  conclusion  of  this  paper,  several  methods 
of  studying  liquid  rings  will  be  described.  When  a  drop  of 
liqaid  falls  from  a  short  distance  into  a  liquid  of  less  density. 

An.  Joua.  Soi.— Thibd  Sbbiss,  Vol.  XIII,  No.  77.— Mat^  1877. 
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in  which  it  cannot  diffuse,  the  conditions  of  its  motion  jost  after 
the  instant  of  its  striking  the  surface  of  the  liquid  of  less  density 
are  indicated  by  the  general  equations  of  heterogeneous  strains.^ 
"  For  each  particle  we  have  the  component  velocities  u,  r,  u;, 

[)arallel  to  the  fixed  axes  OX,  OY,  OZ.    These  have  the  fol- 
owing  expressions : 

Eq.(l):«=^,  «  =  -^,  «,=  -^; 

X,  y,  z,  t  being  independent  variables,  and  a,  fty  v,  functions  of 
them.  If  the  disturbed  condition  is  so  related  to  the  initial 
condition  that  every  portion  of  the  body  can  pass  from  its  initial 
to  its  disturbed  position  and  strain,  by  a  translation  and  a  strain 
without  rotation, — i.  a,  if  the  three  principal  axes  of  the  strain 
at  any  point  are  lines  of  the  substance  which  retain  their  paral- 
lelism,— we  must  have — 

T?     /o\    ^^ ^^  ^^ ^^  dot^d/3 

and,  if  these  equations  are  fulfilled,  the  strain  is  now  rotational, 
as  specified."  But  these  equations  express  that  adx+/3dy+ycb^ 
is  the  differential  of  a  function  of  three  independent  variables; 
and  therefore,  in  order  that  there  maj  be  no  rotation,  a  strain 
potential  must  exist  The  forces  which  solicit  the  particles  of 
the  drop  when  it  rests  upon  the  liquid  of  less  density  in  which 
it  cannot  diffuse  are  evidently  their  mutual  attraction,  a  force 
arising  from  the  superficial  tension  of  the  liquid,  and  one  aris- 
ing from  gravitation.  It  is  evident,  from  a  consideration  of 
these  forces,  that,  after  the  drop  has  suffered  a  strain  at  the 
surface,  every  portion  of  the  drop  cannot  pass  from  its  initial 
position  to  the  next  following  oy  a  translation  and  a  strain 
without  rotation.  For  the  drop  tends  to  return  from  a  shape 
approaching  an  oblate  spheroid  to  that  of  a  sphere.  Equations 
(2)  do  not  hold,  and  a  strain  potential  does  not  exist,  and  there- 
fore this  drop  must  rotate.  This  rotation  is  not  in  general  of 
the  ring  form.  If,  on  the  other  hand,  the  drop  of  liquid  can 
diffuse  itself  in  the  liquid  through  which  it  fallsj  each  particle 
with  the  velocity  w,  v,  w^  is  solicited  at  the  moment  of  impact 
by  a  superficial  tension,  by  the  force  of  gravitation,  and  by  a 
force  arising  from  the  rate  of  diffusion.  In  this  case,  there  is 
no  tendency  of  the  body  to  reassume  the  spheroidal  or  spheroid 
form  in  its  passage  through  the  liquid.  On  the  other  hand,  to 
assume  that  each  particle  in  the  next  state  of  the  drop  very  near 
that  which  it  assumes  on  striking  the  free  surface  of  the  liquid 
of  less  density,  is  translated  without  rotation,  is  to  assume  that 
each  particle  is  compelled  to  move  in  restrained  limits  which 

*  Thomson  and  Tait's  Natural  Philosophy. 
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do  Dot  exist.  For  the  components  X\  Y\  Z\  of  the  attraction, 
which  tend  to  make  the  non -diffusible  drop  reassume  its  spher- 
ical form,  we  have  in  the  case  of  the  diffusible  the  components 
X,  Y,  Z,  of  an  external  force  arising  from  the  superficial  tension 
of  the  liquid,  and  the  impulse  given  to  the  drop. 

If  we  follow  the  notation  of  Poisson*  and  Helmholtz,t  we  shall 
have  for  the  general  equations  of  internal  motion  of  a  liquid : 


^       I  dp      du  ,     du  ,     du  ,      du 


dv  .     dv 


du 


dw 


du 
dz 
dw 


\dp dw        dw        

hdz       dt        dx        dy         dz 

dh  ,     dh        dh        dh      dh 

du      dv      dw ' 

dx      dy       dz 


(8) 


(4) 


(«) 


In  which  p  is  the  pressure  in  a  liquid  at  the  point  x,  y,  z: 
X,  Y,  Z,  are  the  components  of  the  external  forces  acting  on  a 
unit  of  mass ;  and  h  is  the  density.  When  the  variation  of  h 
is  infinitely  small,  we  have  Eq.  (5).  The  forces  X,  Y,  Z,  are 
considered  to  have  a  potential  V.    So  that 


X  = 


dV 


dy' 


dz 


^y  -  -^-,»  -—  ^.     Eq.  (6) 

and  the  velocities  t^,  v,  u;,  a  velocity  potential  $.     So  that 

dtp 


dtp 


w  = 


dy 


~"  dz 


-£     Eq-  (7) 


or 


udx  +  'ody  +  v)dz  =:  dtp^ 

and  q)  satisfying  the  equation 

d^tp      d^tp      d'tp^ 
daf  '^  dy''^  dz'^ 

which  is  what  equation  (5)  becomes  under  the  conditions  ex- 


pressed abova     We  must  therefore  have 


du 
dy 


dv 

dx' 


dv 


dw 


E=l  ^-w 


3 [nations  similar  to  the  equations  expressing  a  strain  potential. 
elmholtz  has  shown  that  in  the  case  of  rotation  of  a  fluid  ele- 
ment, Eqs.  (8)  become 

*  Traits  de  Mechanique.  f  Grelle's  Joum.,  ly,  1858. 
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dz  "*  dy 


dw  du 
dx  dz 
du       dv 


dx      dz^^^ 


dy       dx 


Eq.  9. 


and  therefore  *•  the  existence  of  a  velocity  potential  is  inconsis- 
tent with  the  existence  of  rotation  of  the  nuid  element"  We 
have  seen  from  the  equation  of  strain  that  the  existence  of  a 
strain  potential  is  inconsistent  with  the  rotation  of  a  material 
particle.  Let  us  now  see  if  vortex  movement  can  arise  in  a 
liquid  from  variation  of  density  and  pressure.  Following  Helm- 
holtz's  notation,  we  have,  if  ^  is  a  function  of  x,  y,  2,  ^ 

Calling  Sf  Yf  5,  th,e  components  of  the  angular  velocity,  we  can 
obtain  their  variations  by  substituting  them  in  succession  in 
Eq.  (10).  If  we  eliminate  X,  Y,  Z,  from  Ecjs.  (8)  by  the  help 
of  £g[8.  (6),  sup]306ing  that  h  and  p  are  functions  of  x^y^z^t^  we 
obtain,  introducing  the  vidues  of  ^,  y^  5,  from  Eqs.  (9) : 

and  similar  expressions  for  the  variations  of  y  and  5.  If  the 
variation  of  A  is  infinitely  small,  we  obtain  by  the  aid  of  Eq.  (5): 

SS jdu   I     dv       jiw 

dt-^di^^d^'^'^d^ 

If  it  is  not  infinitely  small,  we  have  the  term 

1   /dh  dp       dh  dp\ 
2h\dz  dy       dy  dz  J 

which  is  independent  of  Sy  y,  5,  and  depends  upon  the  varia- 
tion of  h  and  p.  This  term  enters  into  the  expressions  for  the 
variations  in  the  angular  velocities ;  and  shows,  therefore,  that 
a  vortex  movement  can  arise  in  a  process  of  diffusion  bj  a 
variation  in  density  and  pressure,  without  the  aid  of  initial 
angular  velocities.  This  condition  can  be  shown  experiment- 
ally  by  dropping  a  somewhat  dense  solution  of  one  of  tne  aniline 
colors  into  a  mixture  of  glycerine  and  water.  The  original 
ring,  after  ceasing  to  move  downward  in  the  mixture,  breaks 
up  gradually  into  segments,  which  slowly  in  their  turn  assume 
the  ring  form.  A  mixture  of  water  and  glvcerine  is  not  neoea* 
sary :  peculiar  cusp-like  figures  indicating  the  first  stage  of  vo^ 
tical  movement  can  be  seen  whenever  a  thin  stratum  of  one 
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liquid  slowly  diffiises  itself  through  another  liquid  of  different 
density. 

By  a  consideration  of  the  equations — 

6S 


eS  +  {u,  ^  u)dt  =  e(s +^dt^ 


given  by  Helmholtz,  from  which  he  draws  the  conclusion  that 
^  each  vortex  line  remains  continually  composed  of  the  same 
elements  of  fluid,  and  swims  forward  with  tnem  in  the  fluid," 
we  see,  on  introducing  the  new  expressions  which  we  have 

found  for  -r—,  Ac.,  Eq.  (11),  that  we  approach  nearer  and  nearer 

to  this  theoretical  conclusion  when  the  variations  of  h  are 
smaller  and  smaller.  Obviously,  we  should  then  obtain  the 
most  perfect  rings  when  the  drop  and  the  liquid  in  which  the 
motion  takes  place  are  composed  of  the  same  liquid.  And, 
there/ore^  a  drop  of  water  faQxng  into  water  must  form  a  more  per- 
fect ring  than  Aat  formed  by  a  drop  of  any  colored  liquid  of  greater 
density  than  water. 

The  formation  of  these  liquid  rings  is  as  fascinating  and  as 
simple  an  occupation  as  blowing  soap-bubbles.  All  liquids 
falling  from  such  a  height  that  the  surface  of  the  liquid  is  not 
too  much  disturbed  to  enable  the  drop  to  be  acted  upon  sym- 
metrically by  the  forces  at  the  free  surface  will  form  rings,  if 
too  great  differences  of  density  do  not  exist,  and  if  the  drop  can 
diffiise  in  the  liquid.  The  preceding  mathematical  discussion, 
as  we  have  seen,  shows  us  that  a  drop  of  pure  water  on  striking 
the  same  element  under  the  above  conditions  must  necessarily 
assume  the  ring  shape.  This  can  be  shown  experimentally  by 
covering  the  free  surface  of  the  water  with  a  fine  powder,  or 
with  matter  in  a  fine  state  of  subdivision.  I  have  found  that 
an  alcoholic  tincture  of  ginger,  which  gives  on  the  surface  of 
water  a  milky  liquid  consisting  of  particles  in  a  fine  state  of 
subdivision,  answers  the  purpose  very  well.  Fine  particles  will 
be  carried  down  by  the  drop,  and  will  be  seen  to  rotate  in  a  vor- 
tex ring  far  below  the  surface.  This  fact  can  be  stated,  also,  by 
the  employment  of  any  of  the  aniline  colors  which  are  solvent 
in  water,  the  falling  drop  consisting  of  a  colored  solution,  whose 
qiecific  gravity  does  not  differ  sensibly  from  that  of  water.  The 
mediod  that  1  have  employed  to  produce  the  rings  consists 
merely  of  a  small  glass  tube,  slightlv  smaller  at  one  end  than 
the  other.  A  bit  of  cotton  is  wedged  in  nearer  the  larger  end, 
over  which  a  piece  of  flexible  rubber  tubing  is  slipped,    WWol 
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the  aid  of  the  mouth,  one  can  fill  this  tube  with  liquid  and 
eject  it  in  drops  at  pleasure.  The  same  apparatus  enables  us 
to  form  the  rings  beneath  the  surface  of  the  liquid.  With  a 
tube  bent  horizontally,  one  can  send  the  rines  through  a  liquid 
in  any  desired  direction ;  and,  by  means  of  a  three-way  glass 
joint  and  a  small  india-rubber  bag,  one  can  send  forth,  by  the 
same  impulse,  two  rings  whose  paths  make  any  desired  angle 
with  each  other.  By  partly  immersing  the  glass  tubes  connected 
with  the  three-way  tube  m  the  free  surface  of  the  liquid,  and 
covering  the  surface  of  the  water  with  fine  powder,  one  can  studj 
the  mutual  behavior  of  half  vortex  rings.  A  simpler  method  is 
to  illuminate,  by  means  of  a  gas-light,  the  bottom  of  a  flat,  white 
porcelain  dish  filled  with  water,  and  to  observe  the  shadows  of 
the  half- vortex  rings  on  the  bottom  of  the  dish  formed  by  the 
movement  of  two  spatulae  along  the  surface.  It  can  be  re^ily 
seen,  by  this  simple  method,  that  a  half-vortex  ring  moving 
near  another  in  a  parallel  path  and  with  a  less  velocity  tends  to 
follow  in  the  path  of  the  first ;  and  that  two  equal  half-vortex 
rings  moving  m  opposite  directions  along  the  same  path  separate 
into  two  vortices  which  move  at  right  angles  to  the  path  of  the 
original  vorticea  We  can  conclude,  also,  from  this  general  dis- 
cussion, that,  whenever  a  mass  of  vapor  of  greater  density  than 
the  surrounding  air  is  suddenly  formed  in  the  higher  regions  of 
the  atmosphere,  it  tends  to  descend  through  it  in  a  vortex  ring. 
The  results  of  the  preceding  discussion  are  as  follows: 

1.  An  analogy  between  the  strain  potential  and  the  velocity 
potential  is  indicated. 

2.  It  is  shown  that  the  formation  of  liquid  rings  is  a  necessary 
result  of  the  fundamental  equations  of  strains  and  those  o^ 
hydrodynamics ;  and  that  they  constitute  a  general  and  not  a 
special  phenomenon.  A  drop  of  water  falling  into  water  from 
a  suitable  height  must  assume  a  ring  shape. 

3.  Vortices  can  and  do  arise  in  certain  processes  of  diffusion. 

4.  Simple  methods  of  studying  vortex  motion  in  liquids  are 
given. 


Art.  XXXVin. — An  account  of  the  Discoveries  in  Vermont  Oeoir 
ogy  of  the  Rev.  Augustus  Wing  ;  by  James  D.  Dana. 

The  death  of  the  Rev.  Augustus  Wing,  in  January,  1876, 
deprived  the  country  of  an  excellent  geological  observer,  and 
science  of  the  results,  to  a  large  extent,  of  his  long  labors.* 
During  the  preceding  summer,  in  July,  I  had  the  pleasure  of  an 
excursion  with  him  to  various  localities  over  the  country  between 

*  See  this  Journal,  III,  xi,  334. 


A.  Wing*8  Discoveries  in  Vermont  Oeology.  888 

Butland  and  Monkton,  Yermont,  and  derived  much  profit  from 
the  survey  of  the  region  he  had  explored,  and  from  tne  inform- 
ation he  communicated  in  conversation.  When  we  parted  he 
promised  to  prepare  a  paper  containing  the  results  of  nis  obser- 
vations for  publication.  His  decease  Daving  prevented  the  ac- 
complishment of  his  purpose,  I  have  felt  it  a  duty  to  him  and 
to  science  to  consent  to  perform,  with  the  aid  of  such  material 
as  I  could  obtain,  the  uniulfilled  task  ;  and  the  following  article 
is  the  result 

My  sources  of  information  have  been  two  small  note-books 
and  a  few  of  his  letters,  received  from  his  family  through  Prof. 
Henry  M.  Seely,  of  Middlebury  Collega  But  these  letters  are, 
in  part,  long  accounts  of  his  geological  observations  and  views, 
written  at  (ufierent  times  during  tae  ten  years  over  which  his 
explorations  extended, — probably  in  response  to  enquiries  from 
thoee  to  whom  they  were  addressed.  Among  them,  one,  of 
many  pages,  bearing  the  date,  August  9,  1872,  is  addressed  to 
me,  and  was  written,  as  it  states,  on  receiving  a  reauest  from 
me,  dated  August  8,  for  "  a  fuller  account  of  the  fossils  of  West 
Butland,"  a  brief  note  on  his  discoveries  by  Mr.  E.  Billings, 
being  all  hitherto  published.  No  copy  of  this  letter  ever  left 
his  hands,' nor  even  an  acknowledgment  of  the  request;  and  it 
is  probable  that  the  same  is  true  of  the  others.  His  disinclina- 
tion to  write,  and  his  reluctance  to  make  his  results  public,  so 
long  as  doubts  remained,  were,  in  all  probability,  the  occasion 
of  these  many  unfinished  epistles.  But  if  hesitating  with  his 
pen,  he  was  all  energy  and  enthusiasm  in  exploration.  It  was 
m  1865  that  he  came  to  the  determination  "  to  ascertain,  if  pos- 
sible, the  geological  age  of  the  limestones,  slates  and  quartzy  tes 
of  Otter  Creek  Valley ;"  and  ever  afterward  he  kept  at  it, 
"tramping,"  as  he  says,  "during  all  the  time  that  could  be 
spared  from  vigorous  teaching."  He  had  his  reward  while  going 
on  with  his  work ;  for,  as  his  writings  show,  he  experienced  the 
delight  of  a  child  over  his  discoveries ;  and,  at  tne  same  time, 
he  felt  the  confidence  of  a  thorough  worker,  that  the  geological 
truths  developed  would  sooner  or  later  find  their  place  in  the 
science.  He  continued  his  field-work  to  the  last ;  and  it  was  the 
fatigue  of  an  excursion  in  the  autumn  of  1875,  when  he  was 
already  sixty-seven  years  old,  that  brought  on  his  fatal  illness. 

It  is  to  be  regretted  that  his  results  were  not  earlier  made 

f)ublic;  for  they  would  have  given  some  errors  in  New  Eng- 
and  geology  a  speedier  extinction,  and  helped  much  to  pusn 
forward  discovery.  Mr.  Wing,  by  the  use  of  his  spare  time 
amid  the  duties  of  teaching,  accomplished  vastly  more  for  the 
elacidation  of  the  age  of  Vermont  rocks  than  had  been  done 
by  the  Vermont  Geological  Survey.  The  Vermont  Beport  pre- 
sents diverse  opinions  about  the  Eolian  limestone  and  tne  form- 
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ations  adjoining,  but  settles  nothing ;  while  Mr.  Wing's  dii 
eries  shed  light  not  on  these  rocks  alone,  but  also  on  the 
eral  geology  of  New  England  and  Eastern  North  AmeruML 
In  preparing  the  following  account  of  his  results  I  haye 
mainly  his  letter  to  me  of  August,  1872,  it  being  the 
detailed  statement  of  his  researches  left  by  him,  and  it  gi^ 
his  facts  and  views  quite  fully  in  the  course  of  its  sixty-twoij 
pagea  But  his  earlier  and  later  notes  also  have  furnished  aoi 
facta  All  remarks  of  my  own,  or  additional  hxiXs  from  othom^j 
which  are  introduced  beyond,  are  put  in  smaller  typa 

1.  The  Region, 

The  region  studied  by  Mr.  Wing  is  part  of  the  area  of 
crystalline  limestone  formation  of  Middle  and  Southern  Yi 
— the  ^'Eolian  limestone,"  as  named  by  Hitchcock,  in  the  Yi 
'  mont  Geological  Report*    This  limestone  covers  a  wide 
tral  north-and-south  strip  of  country,  extending  fix>m  the 
em  boundary  of  the  State  to  Northern  Monkton — a  diatanee 
about  one  hundred  miles.     The  limestone  r^on  is 
on  the  east  almost  continuously  by  ridges  of  quartaETte^ 
quartzyte  and  slates,  which  extend  along  the  western  loot 
tne  Green    Mountains.    Besides,    there   are    north-and- 
dividing  ridges  or  belts  of  hydro-mica  slatef  and  day- 
with  sometimes  interstratified  ouartzyte.     On  the  west 
are,  in  some  parts,  other  belts  of  the  slate,  and  to  the 
near  the  great  fault,  areas  of  the  Bed  Sand-rock.     These 
ous  rocks  are  so  associated  that  the  study  of  all  is  involved  i 
that  of  the  Eolian  limestone.     Moreover  they  together  ea 
southward  into  and  through  Massachusetts. 

Mr.  Wing's  special  field  of  exploration  was  the  part  of  the 
stone  region  and  of  the  adjoining  country  lying  between  Ri 
and  Monkton.     The  Eolian  limestone  formation  occupies  the 
valley  of  "  Otter  Creek"  (correctly  Otter  River),  and  idso 
of  its  main  tributaries. 

The  accompanying  map  is  from  the  colored  chart  of  the  Vi 
mont  Geological   Report.     Mr.   Wing's   notes    suggest    Bevi 
changes ;  but  only  two  of  them  have  been  made,  oecai 
infonnation  is  not  sufficiently  precise  to  warrant  going 
these  are,  the  elongation  of  the  ''  central  belt  of  slate  ^  to 
Weybridge,  and  the  closing  of  the  West  Rutland  limestone  „ 
on  the  north  by  a  junction  of  the  area  of  slate  on  the  east  with 

*  Report  on  the  Geology  of  Yormont,  by  Edward  Hitchoook,  Ijli.m, 
Hitchcock,  Jr.,  M.D.,  Albert  D.  Hager,  A.M.,  and  Charles  H.  Hitchoodc, 
vols.  4to,  1861.    Published  by  the  authority  of  the  State  Legislature. 

f  The  hydro-mica  slates  include  the  ^'Talcoid  sohist"  and  ''Talcose 
the  Vermont  Geological  Report,  the  fact  that  they  are  not  talc-bearing  or 
■ian  being  one  of  the  results  of  the  survey.    Mr.  Wing  uses  the  tenn  *' 
schists"  in  his  earlier  notes,  but  adopts  hydro-mica  slates  in  the  later; 
therefore  make  the  substitution  yrhenever  the  rock  is  referred  to. 
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^  great  central  slate  belt,"  that  limestone,  according  to  Mr.  Wing, 
not  extending  to  the  pond  in  Pittsford.  Besides  these,  the  long 
Tertiary  area,  following  the  eastern  border  of  the  main  mass  of 
Eolian  limestone  has  been  omitted,  since  it  was  based  on  a  few 
local  limonite  deposits,  which  were  mainly  a  resnlt  of  the  altera- 
tion of  either  the  limestone,  or  of  the  slates  adjoining  associated 
with  the  quartzjte,  or  perhaps  partly  of  the  quartzyte  itself  where 
imnnre,  and  which  were  forming  dnnng  earlier  as  well  as  later  time. 

On  the  map  all  the  areas  that  are  horizontally  lined  are  lime- 
stone areas ;  those  vertically  lined  are  slates  (hydromica  or  argil- 
laceous) ;  the  dotted  area  on  the  east  is  quartzyte,  and  the  finely 
dotted  on  the  west  and  north.  Red  Sana-rock.  The  areas  most 
openly  lined  horizontally  are  those  of  the  *'  Eolian  limestone,"  the 
crystalline  or  metamorphic  limestone,  which  includes  nearly  all 
the  marbles  of  Vermont  south  of  Monkton. 

The  main  or  eastern  band  of  the  Eolian  limestone  follows  the 
course  of  Otter  Creek  valley,  and,  no  doubt,  determined  the  posi- 
tion of  the  valley.  There  is  also,  north  of  West  Haven,  a  west- 
em  band,  more  or  less  complete,  lying  to  the  west  of  the  ^  central 
belt  of  slate."  This  gi*eat  slate-belt  extends  from  Weybridge  on 
the  north  to  the  southwestern  comer  of  the  State,  widening  south- 
ward and  spreading  into  the  State  of  New  York.  The  part  south 
of  Brandon  has  been  called  the  Taconic  range  of  mountains,  it 
being  properly  a  continuation  of  the  Taconic  range  of  Massachu- 
setts. This  belt  of  slate,  over  its  interior,  consists  mostly  of  clay- 
slate  or  argillyte  (good  roofing-slate  in  many  places)  (A) ;  but, 
alopg  either  border  (B)  there  is  a  broad  band  or  hydromica  slate, 
south  of  Whiting  village,  this  belt  is  interrupted  for  a  fourth  of  a 
mile  or  so,  according  to  Mr.  Wing,  and  here  the  limestone  to  the 
west  of  it  connects  with  that  to  the  east  in  Otter  Creek  valley. 
The  geological  formations  on  the  western  border  of  Vermont, 
including  the  Hudson  River  and  Utica  shales,  with  some  lime- 
stone in  the  former,  the  Trenton,  Black  River,  Birdseye  and 
Ghazy  limestones,  arc  mostly  unaltered  fossiliferous  rocks,  and 
hence  their  age  was  long  since  ascertained.  The  limestone  areas 
within  that  of  the  Hudson  River  slate  are  set  down  as  Hudson 
River  limestone  in  the  Vermont  map ;  but  Mr.  Wing's  notes  im- 
ply that  he  thought  them  in  part  at  least  Trenton,  yet  without 
any  special  discussion  of  the  suDJect. 

To  the  east  of  the  eastern  quartzyte  range  there  is,  east  of  Bris- 
tol, what  the  Vermont  map  calls  ''  talcose  conglomerate,"  and  next 
east  of  this,  an  area  of  '' talcose  schist,"  the  former  oertainly 
belonging  with  the  quartzyte,  and  the  latter  a  hydromica  slate, 
according  to  evidence  in  the  Vermont  Report  Farther  east, 
ranging  n*om  the  southern  boundary  of  the  State,  and  much  of 
the  way  adjoining  the  quartzyte  on  the  east  side,  there  is  on  the 
map  a  oroad  area  of  gneiss,  often  called  Green  Mountain  gneiss. 
But  it  is  not  all  gneiss;  for  the  Vermont  Report  states  that 
Mount  Mansfield,  the  highest  mountain  of  the  Green  Mountain 
range,  consists  partly  of  chloritic  hydromica  slate,  and  this  I  have 
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(rand  to  be  tme.  The  tme  Red  Sand-rock,  existing  more  es^ 
oally  in  the  northern  half  of  Vermont,  toward  Lake  Champlain, 
IBS  Deen  shown  through  its  fossils,  since  the  Vermont  Report  was 
Miblished,  to  be  Primordial.  And,  by  recent  discoveries  also,  it 
laa  been  proved  that  the  Primordial  of  Northern  Vermont  includes 
m  extensive  formation  of  clay-slate — the  Georgia  slates — and  a 
ed  or  reddish  mottled  limestone,  extending  from  Canada  south- 
rard  to  Burlington,  and  in  some  parts  fossiliferous,  called  the 
RTinooski  limestone.  These  facts  need  to  be  kept  in  mind  when 
ttndying  the  metamorphic  rocks  of  Central  and  Southern  Vermont 
kod  Mr.  Wing's  views  about  them. 

2.   WeH  RuOand  Valley. 

The  West  Rutland  limestone  valley,  famous  for  its  marble 
marries,  is  situated  four  and  a  half  miles  to  the  west  of  the 
sity  of  Rutland.  It  is  separated  from  the  wider  limestone 
3and  of  central  Vermont,  in  which  the  city  of  Rutland  is  situ- 
ited,  by  three  north-and-south  ranges  of  rock ;  the  first,  going 
w^ij  occurring  at  Rutland  Center  (C  on  map),  consists,  at  the 
Falls,  of  quartzyte  and  an  underlying  black  glossy  argillyte, 
lipping  to  the  southeastward  10^  to  20^ ;  the  second,  is  a  nar- 
row north-and-south  strip  of  crystalline  limestone ;  the  third  a 
narrow  north-and-south  ridge  of  black  slate,  closely  resembling 
that  at  Rutland  Center,  and  like  it  in  the  general  direction  of 
its  dip,  though  varying  much  in  the  amount  of  dip  and  in  the 
strike.  This  last  ridge  of  black  slate  makes  the  eastern 
boundary  of  the  West  Rutland  limestone  valley,  while  the 
slopes  of  the  "great  central  belt  of  slate"  constitute  the  west- 
ern boundary.  The  rock  of  these  latter  slopes  is  a  greenish 
hydro-mica  slate  somewhat  cbloritic. 

The  limestone  of  West  Rutland  valley  has  a  width  across  of 
about  a  mile.  It  has  throughout  a  high  eastward  dip — vary- 
ing between  40®  and  70® :  and  the  slates  on  the  west,  as  well  as 
those  on  the  east,  have  a  corresponding  eastward  dip.  Accord- 
ing to  Mr.  Wing,  this  band  of  limestone  does  not  connect  on 
the  north  with  the  great  central  limestone  area  of  Vermont,  as 
the  map  of  the  Vermont  Geological  Report  and  also  Plate  viii 
represent,  but  runs  out  in  that  direction  before  reaching  the 
pood  in  southern  Pittsford,  through  the  union  of  the  slate 
area  of  the  east  with  the  area  on  the  west. 

As  first  discovered  by  Mr.  Wing,  this  band  of  limestone  con- 
taiBS  fossils  on  both  its  eastern  and  western  borders,  and  also 
alon^  its  center.  The  marble  quarries  are  situated  on  bands 
of  highly  crystalline  white  and  clouded  limestone  between  the 
fossiliferous  borders  and  the  center.  The  position  is  shown  in 
the  following  section :  S  and  S'  are  the  slates  of  the  two  sides, 
the  west  and  east ;   a,  o,  e,  the  belts  of  grayish  fossiliferous 
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limeetone,  b,  d,  thoee  of  tbe  marble  qaarriea.    The  width  of  the 
border  belts,  a  and  e,  is  from  200  to  800  feet 


IS  the  West  BuUmwI  yiUbj. 

The  fossils  of  the  western  border  are  found  io  the  soatl)- 
western  part  of  the  valley,  just  north  of  an  old  abandoned  mar- 
ble quarry,  the  most  northern  one  on  the  west  side  of  the  val- 
ley, where  the  rock  is  grayer  than  that  of  the  center  belt  The 
rock  here  is  distinctly  and  abundantly  fossiliferona.  It  was 
fix>m  this  plaee,  at  a  poiat  rather  nearer  the  quarries  than  the 
slate,  that  the  specimens  were  obtained  by  Mr.  Wiog  which  he 
sent  to  Mr.  Bilnnga,  for  his  exacniDation.  Among  them,  "a 
small  convoluted  shell  was  id  crowded  abundance,'  which  Mr. 
Billings  said  were  like  Phurotomaria  staminea.  A  short  distance 
north,  crinoidal  disks  and  stems  were  common ;  and  among 
these,  Mr.  Billings  distinguished  a  plate  of  PleurocyatiUn  tenui- 
radiatua,  a  Chazy  species.  Mr.  Bilhngs  adds  to  his  note  on  the 
fossils,*  "  I  think  this  collection  is  Chazy.  The  Cystidean,  PUa- 
rocyBtites  Imuiradiatus,  is  a  never- failing  guide  to  the  Chazy ;  at 
least  it  is  so  on  the  west  side  of  Lake  Cbamplain." 

On  the  eastern  border  of  the  valley,  just  east  of  the  large 
marble  quarries,  Mr.  Wing  states  that  he  "  found  two  larve  con- 
voluted shellB,  with  a  Murchisonia  of  moderate  size.'  The 
limestone  of  this  belt  is  gray  like  that  of  the  western.  The 
fossils  are,  however,  much  rarer. 

At  my  vieit  to  West  Rutland  with  Mr.  Wing,  we  went  first  to 
the  central  belt,  to  a  place  south  of  the  railroad.    Tbe  rock  was 
found  to  be,  aa  he  had  de- 
.  scribed  it,  literally  full  of 
'  fossils.    The  worn  anrfaoe 
crowded    with   whit« 
i^pot8     often    having   the 
Bpiral  and  other  fomiB  ol 
I  alf    obliterated     sfaeUs, 
benides  disks  of  Crinoidi. 
S  me   of  the    shells  are 
\a.TBe  distorted  JUddureai 
^  ~  ~  —  —      "_   '  — ^tne  well-known  Chu; 

0^  species,  and  one  of  tfaeM, 

havmg  the  appearance  of  a  white  spiral  line,  le  here  figured  natunl 
size.     Other  sirailar  specimens  are  four  inches  in  diameter.    !%< 
*  PubLnhed  la  thia  Joumal,  in  voL  iv,  p.  133,  IBIS. 
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mv  limeBtone  of  the  weateni  border  of  the  valley  wu  also  fbood 
to  be  abandantly  foBailiferoiu.  That  of  tbe  eastern  border,  jnat 
eaat  of  the  marlue  qnarries  we  examined,  bat  in  the  short  time 
there,  no  diatiiiat  foasil  forms  were  found. 

Mr.  Wing  in  bis  notes  oxplains  the  position  of  the  Chazy 
belts  in  the  limestone,  and  that  of  the  slates  either  side  hy  the 
view  that  the  slates  lie  in  synclinals  9 

and  the  limestone  in  an  abraded 
aDticlinal,  as  illostrated  in  the  an- 
nexed Sffare,  making  the  slates  / 
younger  than  the  Chazy.     He  ob-  1 
aervefl  that  be  bad  snspected  tbe 
existence  of  tbe  Trenton  oatside 
of  the  Chazy  between  the  fossil- 
iferons   beds  and  the  slates,  but 
that  he  had  Grand  no  eridenoe  of 
it,  and,  moreover,  the  "space  was  too  thin  for  the  normal  Tren- 
ton." 

If  there  is  here  but  one  anticlinal,  there  are  two  foosiliferoas 
levels  in  the  limestone  of  the  valley,  and  all  the  limestone  is 
Cbszy;  but  if  a  double  anliolinal  exists,  as  is  possible,  though 
periiape  not  probable,  then  tbe  marble  belts  may  belong  to  a 
stratum  below  the  Chasy. 

About  three  miles  southwest  of  West  Rutland,  in  the  town  of 
Ira,  and  within  the  "great  central  belt  of  slates*'  there  are, 
according  to  the  Vermont  Geological  Report  (p.  432),  two  ont- 
orops  of  limestone  which  afford  fossile,  and  deserve  to  be  called 
fJDSaliferouB :  the  fossils  found  were  Encrinal  dit/ct,  and  sfaelle  re- 
sembling a  mtomphaiu9  in  form.  Whether  related  to  those  of  the 
West  Rutland  Valley  or  not  cannot  be  made  out  from  the  facts 
stated. 

3.  8aeR>ury  lAmeston^ 
The  Sudbury  limestone  belt  is  situated  a  little  over  twenty 
miles  north-northeast  of  West  Rutland,  on  the  west  side  of  the 
"great  central  belt  of  slate."  The  limestone  lies  between  tbe 
great  band  of  slate  and  another  on  tbe  west,  and  has  a  width 
of  two  to  three  miles.  The  area  is  bounded  both  to  the  north 
and  sonth  by  slate,  the  western  slate  belt,  which  leaves  the 
great  belt  in  Benson,  joining  it  again  twelve  or  fifteen  miles 
north,  the  rock  for  two  miles  south  of  the  village  of  Whiting 
being  slate.  Thus  the  area  is  isolated  like  that  of  West  Rut- 
land, and  both  may  be  said  to  be  contained  within  the  slate 
belt  Still,  there  is  a  break  or  interruption  in  the  eastern  slate 
bait  toward  Whiting,  and  through  it  the  Sudbury  limestone 
oonnects  directly,  or  is  continuous,  with  that  of  Otter  Creek 
▼alley. 
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In  the  Sudbury  valley,  1^  miles  south  of  the  village,  on  the 
land  of  Mr.  Clark  Morton,  the  Trenton  trilobite,  Trinucktis 
oonceniriciiSj  was  first  found  in  May,  1866,  in  the  blocks  of  a 
stone  wall  which  the  owner  said  had  been  quarried  near  by ; 
and,  Mr.  Wing  says :  '*  I  walked  home  that  night — seven 
miles — after  sundown,  glorying  in  my  discovery  of  a  Trenton 
fossil  in  Sir  William  Logan's  Quebec  Group.  1  was,  however, 
dampened  in  all  this  on  reading,  after  reaching  home,  in  Pro- 
fessor Hitchcock's  Report,  that  the  Trinucleus  had  been  pre- 
viously found  in  a  bowlder  in  Sudbury ;  for  I  could  not  tell 
whether  mine  came  from  a  bowlder  or  not"*  But  ''afterward, 
in  May,  1867,  I  discovered  the  Trenton  trilobite  near  the  same 
spot,  and  in  great  abundance."  It  was  associated  with  various 
other  Trenton  fossils,  twenty  or  more  species  of  which  were 
later  collected  by  Mr.  Billings. 

The  limestone,  like  that  of  West  Rutland,  and  the  slates 
adjoining,  all  dip  eastward.  The  limestone  accordingly,  says 
Mr.  Wing,  constitutes  an  anticlinal  between  two  synclinals  of 
slate — those  of  the  slate  belts  or  ridges. 

Mr.  Wing  also  states  that  he  afterward  found  the  TVinucleus 
concentricm  ten  miles  southeast  of  Sudbury  (half  way  to  West 
Rutland)  in  Hubbardton,  in  a  limestone  band  sixty  vards  wide 
in  the  heart  of  the  "great  central  belt  of  slates;^'  and  also 
farther  south,  one  or  two  miles  north  of  the  slate-quarries  of 
West  Castleton. 

4.  Ecistem  Onoeli  and  Shorehamy  Whiting  and  CamwaU, 

The  towns  directly  north  of  Sudbury  are  Whiting  and  Corn- 
wall, and  those  adjoining  these  on  the  west,  Orwell  and  Shore- 
ham.  The  area  of  Eolian  limestone — that  of  its  west  branch 
— covers  only  the  eastern  half  of  Orwell  and  Shoreham,  the 

Fig.  4. 

W.         E.  Shoreham.  Whiting.   Ot.Cr.      Leicester. 


R.B.  a  b  cSl.         c  b  aQ.aQ.aQ. 

Section  from  the  Bed  sand-rock  in  Eastern  Shoreham  to  the  Quartasyte  rodES  and 
interstratifled  Dolomite  of  Eastern  Leicester,  east  of  the  main  belt  of  Eoliao 
limestone. 

**  great  slate  belt"  occupying  the  western  half.  But  this  slate 
belt  passes  northward  through  the  middle  of  Whiting  and 
Cornwall,  so  that  the  western  part  of  each  of  these  towns  is 

♦  The  Vermont  Report  says  (p.  301)  only  this :  "  A  bowlder  of  this  rock 
[TrentDn  limestone]  has  been  found  in  Sudbury,  containing  this  speciee,  which 
must  have  been  transported  several  miles," — a  statement  which  impUee  no  snspi- 
don  of  its  being  a  Sudbury  fossil 
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covered  with  the  western  branch  of  the  Eolian  limestone,  and 
the  eastern  with  the  eastern  or  Otter  Creek  branch. 

The  preceding  section  is  given  by  Mr.  Wing  to  show  the  suc- 
cession of  formations  across  the  whole  limestone  region,  from 
the  Bed  Sand-rock  in  Eastern  Shoreham,  to  the  quartzy  te  region 
of  Eastern  Leicester,  a  distance  of  twelve  or  fourteen  miles.  It 
shows  the  eastward  dip  throughout ;  the  narrow  strip  of  slate 
to  the  west  of  the  middle;  and  three  sections  of  the  Eolian 
limestone  east  and  west  of  this  slate :  a.  Lower  Galciferous ;  6, 
Upper  Galciferous  and  Quebec ;  c,  Chazy  and  Trenton ;  R  S., 
Bea  Sand-rock;  SL,  slates;  Q,  quartzy  te.  How  far  this  con- 
clusion is  based  on  positive  facts  will  be  seen  beyond. 

On  the  east  side  of  the  slate  in  East  Cornwall  various  fossils 
were  found  in  the  limestone.  These  were  sent  to  Mr.  Billings, 
who  replied  as  follows :  **  The  specimens  from  East  Cornwall 
east  of  br.  Porter's  residence,  and  from  a  locality  farther  north, 
are  Stenopora  fibrosa^  St  Petropoliiana^  JSncharopora  recta  f^  part 
of  the  nm  oi  a  THnucleus  or  Harpesy  and  species  of  ChthiSj 
/^rophomena,  RhynchoneUa  and  Orihoceras;"  and  he  added  that 
"they  are  no  doubt  Trenton." 

North  and  south  of  East  Cornwall,  there  are  ^^  RhyncIioneUa 
beds"  full  of  fossils,  including  pygidia  of  trilobites,  a  large 
Madurea^  species  of  Orthis,  EncrincU  disks,  and  other  kinds ; 
and,  half  a  mile  south,  one  undoubted  Bathyurus  Saffordi^  a 
Quebec  Group  trilobite,  was  obtained. 

Near  the  west  border  of  Cornwall,  at  Bascom^s  ledge  (three 
miles  west  of  south  of  West  Cornwall  and  three  and  one-half 
miles  east  of  Shoreham),  a  bed  in  the  ^^  Eolian  limestone"  is  called 
by  Mr.  Wing  the  "  Trilobite  bed,"  it  being  almost  made  up  of 
remains  of  trilobites,  with  other  fossils.  It  aflforded — as  identi- 
fied in  1867  by  Mr.  Billings  from  specimens  sent  him  by  Mr. 
Wing — Asaphits  canalis,  besides  two  other  species  of  the  genus, 
two  or  three  species  of  Bathyurus,  one  of  them  R  conicus,  some 
of  the  cephalic  spines  of  this  species,  three,  four,  and,  four  and 
one-half  inches  long,  besides  Maclurea  Tnatutina  and  other  con- 
voluted shell&     Mr.  Billings  made  the  species  Calciferous. 

East  of  Shoreham  village  the  upper  limestones  hold  Bathy- 
urus extans  Billings  {Asaphusf  exians  Hall),  a  Birdseye  species, 
Cblumnaria  alveolata,  of  the  Black  Biver  limestone,  and  the 
Trenton  trilobite,  Trinixleus  concentricus. 

Barbour's  Ledge,  in  southern  Bridport,  near  Mr.  J.  Barbour's 
residence,  affords  similar  fossils  to  Bascom's  Ledge,  including 
many  pygidia  of  trilobites  of  the  species  Asaphus  canalis,  and 
Balhyurij  and  also,  in  an  overly ing  bed,  Maclurea  matutina  and 
other  convoluted  shells  and  trilobites. 

The  "  Bhynchonella  beds"  extend  from  West  Cornwall  to  a 
mile  or  two  south  of  Orwell,  fifteen  to  eighteen  milea     But  in 
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Orwell,  in  higher  limestones  immediately  west  of  and  underly- 
ing the  "sparry  limestone,"  there  occur  Petraia  profunda  {T\, 
Stenopora  fibrosa  and  SL  Petropoliiand,  "which  may  be  Birdseve 
species ;"  and  at  the  bottom  of  a  hill  one  and  one-half  miles 
northeast  of  Orwell  village,  where  the  "sparry  limestone  is 
largely  developed,"  a  number  of  large  Maclurece  were  found 
(one,  as  figurea  in  the  notes,  three  inches  in  its  longer  diam- 
eter, and  resembling  fig.  2  on  page  888),  which  seems  to  indi- 
cate the  presence  oi  the  Chazy  limestone  beneath  the  "  sparry 
limestone,"  or  at  its  base.  Higher  up  toward  the  top,  there 
are  obscure  fossils ;  but  at  the  top,  near  the  slate,  occur  distinct 
bivalves,  and  the  coral  Reoeptojcvlites  Neptuni^  which  seems  to 
prove  the  "  Sparry  limestone '  to  be  Trenton  in  aga 

In  northeastern  Shoreham,  two  miles  north  of  Shoreham 
village,  there  is  a  limestone  ledge  called  Mutton  Hill,  and  here 
several  Lower  Silurian  formations  are  distinguishable  by  their 
fossils.  The  rocks,  in  the  words  of  Mr.  Wing,  have  the  follow- 
ing ascending  order : 

1.  Light  gray  even-bedded  sandstone,  in  beds  six  inches  to 
two  or  three  reet  thick ;  six  or  eight  feet  at  the  top,  honey- 
combed with  Scolithus  linearis :  Potsdam.     810  feet 

2.  Dark  iron-gray,  feebly  calcareous  sandstone  or  quartzyte, 
with  Fucoids :  Upper  Potsdam  ?    200  feet 

8.  Subcrystallme  limestone,  containing  a  small  Orthoceroi 
and  Eucrinal  disks :  Lower  Calciferous.     20-25  feet 

4.  Dark  greenish,  fine-grained  sandstone,  the  lower  twelve 
or  fifteen  feet  perforated  with  small  Scolithi  {S.  minutus\  the 
rest  interatratified  with  dolomitic  limestones,  holding  Ophikta 
compacta^  0.  complanata^  (hence  called  the  Ophiieta  beds),  a  few 
other  species  of  convoluted  shells  including  two  or  three 
Maclurece,  a  small  Orthis  {Orthisina),  a  Trilobite,  etc. :  Calcif- 
erous.    800-400  feet 

No.  1  is  at  the  western  base  of  Mutton  Hill  and  No.  4  is  its 
geological  top. 

In  a  second  fold  or  anticlinal,  Nos.  1,  2,  8  and  4  again  come 

up ;  and  No.  8  is  more  than  200 
feet  thick  and  holds  a  number 
of  small  Orthoceratay  two  species 
of  Qasteropodsj  including  a  Ma- 
clurea  ana  a  Baihyurus,  The 
accompanying  figures  by  Mr. 
Wing  serve  to  sustain  his  state- 
ments. Figure  5,  an  Orthoceras 
apparently  the  Calciferous  spe- 
cies, 0.  primigenium  ;  6,  sections  of  Maclureas  ;  7,  pygidium  d 
a  Bathj/urus ;  8,  shell  resembling  a  Holopea, 
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In  this  "second  fold,"  No.  4,  or  the  "Ophileta  beds,"  ScoW 
thus  minulus  Siud  the  Fucoid  Palosophycus  arcualtis  are  abundant 

In  the  same  fold,  above  No.  4,  appears  No.  5,  called  the 
"  Tri'lobile  bed  and  Conglomerate,^^  It  consists  below  of  dark 
bluish  sandstone  or  quartzy  te  with  green  slaty  seams  containing 
Fucoids ;  then  ten  or  fifteen  feet  of  siliceous  limestone,  holding 
a  few  small  Trildbiies  and  other  fossils;  then  a  conglomerate 
made  of  flat  and  rounded  pebbles  from  the  quartzyte  below — 
the  flat  ones  one  to  two  incnes  across,  the  rounded,  from  coarse 
shot  to  large  bullets;  the  paste  sometimes  limestone ;  the  slaty 
seams  holaing  toward  the  bottom  a  small  Orthis  {Ort/iisina),  a 
small  Trilobite,  and,  near  the  top,  Maclurea  sordida  and  J7.  maivr 
tiaa  in  crowded  abundance  at  some  places.  This  "conglom- 
erate  may  generally  be  traced  along  the  west  side  of  the  great 
slate  belt  without  aid  from  its  fossils." 

At  Bascom^s  Ledge,  which  is  the  "  fourth  fold  "  going  east- 
warrl  from  Mutton  Hill,  Nos.  1,  2,  8,  4  and  5  occur,  with  their 
fossils,  and  the  lower  part  of  No.  5,  the  "  Trilobite  "  or  **  Con- 
glomerate" bed  exists  in  great  force.  The  Trilobites  {AsaphuSj 
etc),  and  other  fossils  mentioned  on  page  841  are  from  this 
bed,  ten  or  twelve  feet  of  it  being  made  up  almost  entirely  of 
them.  There  is  also  above  the  **  conglomerate,"  No.  6,  the 
"Rhynchonella  beds"  already  mentioned — so  called  from  **real 
or  supposed  Rhynchonelloe  found  in  the  next  (5th)  fold."  This 
No.  6  is  a  nearly  pure,  or  feebly  siliceous,  or  dolomitic  lime- 
stone, finer  in  grain  and  softer  than  the  formations  below, 
generally  weathering  to  some  shade  of  yellow,  red,  pink,  or 
buff;  and  is  without  fossils  in  the  line  of  section  of  the  4th 
fold. 

Over  No.  6  occurs  No.  7,  the  Sparry  Limestone,  400  to  600 
feet  thick ;  and  No.  8,  the  slate  of  the  great  belt,  here  perhaps 
800  or  iOO  feet  thick.  The  Sparry  Limestone  is  the  stratum 
that,  one  and  a  half  miles  northeast  of  Orwell  village,  afforded 
the  Receptaculites  Nepiuni,  *^  which  seemed  to  prove  "  its  Trenton 
age;  and  is  the  Sudbury  rock  affording  Trinucleus.  The  slate 
would  consequently  be  the  Hudson  Kiver  slate. 

The  formations  above  recognized  are,  briefly,  as  follows : 

1.  Sandstone. — Potsdam. 

2.  Iron  gray  calcareous  sandstone. —  Upper  Potsdam. 

3.  "  Subcrystalline  limestone,"  part  of  the  "  Eolian  Limestone" 
containing  OrUioceras,  etc. — Lower  Calciferous. 

4.  **Ophileta  beds,"  part  of  the  **  Eolian  Limestone." — 
Oaleiferous. 

6.  '* Trilobite  bed"  and  "Conglomerate,"  part  of  the  "Eolian 
liimestona  " —  Quebec  Group. 

6.  "  Rhynchonella  beds    with  the  "  striped  stratum,"  part  of 

the  Eolian  Limestone. — Chazy. 

Am.  Joub.  8oi.^Thibd  Sbbiss,  Vol.  Xin,  No.  77.— Mat.  lOT. 
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7.  "Sparry  Limestone,"  part  of  the  "Eolian  Limestone."— 
Ti^enton, 

8.  The  slates  of  the  "great  central  belt" — Hudson  River 
Slates  (or,  Cincinnati  group). 

6.  Northern  ComtoaUy  Middleburyy  Weybridge. 

Weybridge  is  the  next  town  north  of  Cornwall,  and  Middle- 
bury  lies  to  the  east  of  Southern  Weybridge  and  Northern 
Cornwall.  The  area  of  the  Eolian  limestone  includes  both 
towns  on  the  Vermont  Geological  Map. 

Ellsworth  Ledge  is  situated  in  North  Cornwall,  two  and  a 
.half  miles  northeast  of  "Bascom's  Ledge,"  and  two  or  three 
miles  west  of  Middlebury.  It  is  Mr.  vfmg^s  ffih  fold.  The 
"  great  central  slate  belt,  instead  of  stopping  in  Cornwall  as 
represented  on  the  Vermont  Geological  Map,  continues  on,  as  a 
narrow  belt,  and  part  of  the  way  a  double  belt,  to  middle 
Weybridge. 

V. 


Mr.  Wing's  section  from  west  foot  of  Ellsworth  Ledge,  in  Oomwall,  to  lOddleborf 

on  the  east. 

Commencing  at  the  western  base  of  Ellsworth  Ledge  (see 
the  accompanying  section  from  Mr.  Wing's  notes)  there  is  no 
outcropping  Lower  or  Upper  Potsdam,  and  No.  S  also  is 
wanting;  tne  first  formation  is  No.  4,  the  "Ophileta  beds" 
with  their  fossils ;  next  No.  5,  a,  6,  c,  the  "Trilobite  bed  "  and 
those  associated  ;  next  No.  6,  the  *'  Rhynchonella  beds," 
with  fossils ;  then  No.  7,  or  the  "Sparry  Limestone,"  with 
fossils,  this  and  the  preceding  of  unusual  thickness;  and  No. 
8,  the  Hudson  River  slate. 

Overlying  the  "  Conglomerate  bed"  (No.  5  h)  there  is  a  bed  of 
coarse  limestones,  (5  c)  100  or  200  feet  thick,  holding  obscure 
convoluted  shells  {Maclurea  ?),  a  large  Orthoceras  and  Murchi- 
sonia^  and  Batliyurus  Saffbrdi,  la  species  characteristic  of  the 
Quebec  group. 

Above  this  stratum  come  the  "Rhynchonella  beds,"  (No.  6)  * 
perhaps  300  to  400  feet  thick,  containing,  in  a  "  striped  stra- 
tum" chamcteristic  of  it,  Ehynchonelloe  (?)  in  great  abundance, 
pygidia  of  Asaphvs  canalis  and  of  one  or  two  other  species  of 
Ab-aphuSj  pygidia  of  Bathynrus  A)igelim\  a  Chazy  species  in 
Canada;  also  species  of  Afaclurea^  Orthts,  Leperditia  (a  small 
hand  specimen  containing  them  by  the  thousands),  Encnnal 
stemSj  etc.    This  "  striped  stratum,"  twelve  to  fifteen  feet  thick; 
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8  overlaid  by  an  inch  or  so  of  a  dark  slaty  sandstone  and  then 
)y  a  stratum  of  white  limestone  (weathering  yellow)  six  to 
welve  inches  thick.  These  **  Rhyuchonella  beds  "  are  without 
nuch  doubt  Chazy  in  part ;  the  upper  part  may  be  Birdseye 
ind  Black  River.  Since  the  Birdseye  and  Black  River  do 
^rtainly  exist  in  Orwell  and  half  a  mile  east  of  Shoreham 
tillage,  there  is  not  much  doubt  that  they  exist  here  also. 

The  **  Sparry  limestone  "  does  not  here  afford  fossils.  The  age 
)f  the  rook  is  inferred  from  the  fossiliferous  beds  farther  south 
a  similar  position  in  Cornwall,  Sudbury,  Hubbardton,  the  facts 
especting  which  have  been  alread  v  mentioned.  **  Trenton  fossils 
fCouT  also  in  Benson,  and  on  the  same  strike  in  Whitehall, 
Jew  York ;"  so  that  **  it  is  no  longer  to  be  doubted  that  the  Tren- 
on  limestone  does  exist  in  long  bands  stretching  down  on  the 
B^est  side  of  the  two  belts  of  slate  from  Wey bridge  southward." 

At  Wey  bridge  Upper  Falls,  on  the  right  bank,  the  "Rhyn- 
bonella  beds  "  occur  west  of  the  slate,  beneath  the  **  Sparry 
imestone;"  and  the  "striped  stratum,"  which  is  partly  cut 
hrough  bv  the  stream,  is  fiill  of  fossils,  as  first  observed  in 
867 ;  andf  the  species  are  the  same  RItr/nchonellce  and  convo- 
iited  shells  that  were  found  in  the  " Rhynchonella  beds"  west 
f  the  slate  in  Cornwall — ^a  fact  which  makes  the  two  beds 
ientical  in  aga  On  the  south  side  of  the  Falls  occurs  Retepora 
%ceptcu  This  makes  the  beds  to  be  of  the  age  of  the  Chazy, 
nd  proves  that  the  Chazy  formation  has  a  wide  range,  the 
eds  in  Cornwall  aflFording  Asaphus  canalis^  Bathyurus  Angelini, 
jeperdiiia^  etc.,  as  already  stated.  "No  marble  quarries  in 
kadison  county  have  been  wrought  in  the  Quebec  Group;  all 
re  now  wrought  in  the  Chazy  and  formations  above  it,  or  in 
he  sheet  of  limestone  at  the  bottom  of  the  Calciferoas." 

In  Middlebury,  the  "  Sparry  limestone"  affords  '*  very  large 
nd  conspicuous  Encrinal  stems ;  they  occur  mostly  near  the 
late,  like  the  few  other  fossils  of  this  slate."     The  formation  is 
continuation  of  that  of  East  Cornwall. 

The  limestone  bordering  the  "central  slate  belt"  on  the  east, 
}  the  same  formation  with  that  on  the  west  This  has  been 
•roved  by  the  fossils,  as  already  stated.  It  is  also  shown  by 
he  fact  that  this  main  belt  of  slate,  which  extends  south  from 
Veybridge  to  join  the  wider  belt  of  the  southwestern  part  of 
le  State,  is  wholly  cut  off  by  limestone  in  the  north  part  of 
adbury,  the  cut  being  40  or  50  rods  wide,  as  stated  on  page 
39.  "The  limestone  at  the  break  is  certainly  not  lower  than 
le  Chazy  and  Trenton,  and  it  is  continuous  with  the  fossilife- 
3118  Trenton  limestone  of  Sudbury  on  one  side,  and  with  that 
f  Otter  Creek  vallev  on  the  other;  and  hence  the  limestones 
n  the  east  of  the  slate,  in  Otter  Creek  valley,  must  be  of  the 
ame  age  as  those  on  the  west." 
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Moreover,  other  facts  give  us  the  age  of  the  slates.  **  For  the 
limestones  at  the  northern  terminus  of  the  slate  seem  to  dip 
down  around  under  the  slate.  The  limestones  on  the  west  dip 
eastward  beneath  the  slate,  and  so  do  the  slates  and  limestone 
beds  on  the  east,  the  slate  being  an  inverted  synclinal  and  the 
limestones  abraded  anticlinals.  Indeed,  one  of  the  folds  of  the 
slate  shows  the  limestone  continuing  around  under  the  syncli- 
nal axis  of  the  slate."  "The  evidence  is  plain  that  the  slates 
are  decidedly  the  more  recent."  Moreover,  thin  beds  of  lime- 
stone in  the  slate  actually  contain  Trenton  fossils  (p.  889). 

The  fact  that  the  slates  overlie  the  limestone,  and  are  there- 
fore Hudson  Eiver  slates,  is  further  shown  in  the  direct^and 
nearly  horizontal  superposition  of  the  latter  by  the  former  in 
several  high  summits  south  of  Butland,  as  in  Mount  Dorset  or 
Eolus  in  the  town  of  Dorset;  Dauby  Mountain,  on  the  borders 
of  Danby  and  Dorset,  just  north  of  Eolus ;  Equinox  Mountain, 
in  the  town  of  Manchester,  the  town  next  south  of  Dorset;  iu 
Spruce  Peak,  in  Arlington,  to  the  southwest;  in  Mount 
Anthony,  in  Bennington,  farther  south ;  and  in  Graylock,  in 
northern  Berkshire,  in  Massachusetts. 

The  Vermont  Geological  Report  mentions,  on  the  aothority  of 
determinations  by  Professor  Hall,  the  occurrence  in  the  Eolian 
limestone  of  a  species  of  Euomphalus  in  Sudbury  and  also  in 
Whiting;  of  a  ^aphrentis  in  Sudbury,  and  also  in  Cornwall, 
along  with  species  of  Euomphalvs  and  Chcptetes/  of  tytromatopora 
in  SudVmry,  Orwell  and  Cornwall,  and  in  East  Middlebury,  Bran- 
don, New  Haven  and  Williston ;  of  large  EticrincU  stems  in  Sud- 
bury and  Cornwall;  of  a  species  of  Stictopora  "remarkably  well 
defined"  in  Sudbury. 

The  Vermont  Report  gives  also  the  particulars  with  regard  to 
the  stratification  in  the  above  mentioned  mountains,  with  sec- 
tional views  of  some  of  them,  which  are  here  reproduced.  Mount 
Eolus  (fig.  10),  3,148  feet  above  the  sea-level,  has  a  cap  of  hydro- 
mica  slate,  about  600  feet  thick  (498  feet,  Vt.  Rep.,  p.  412),  over- 
lying in  a  very  shallow  synclinal  1,960  feet  of  Eolian  limestone. 

11. 


Mt.  Eolus,  Dorset  Spruce  Peak,  Arlington. 

Danby  Mountain  is  a  continuation  northward  of  the  same  moun- 
tain, with  the  same  structural  conditions,  but  with  the  slate, 
"  according  to  a  rough  trigonometrical  calculation'*  ( Vt.  Rep,,  p. 
433),  1,354  feet  thick.  In  Mt.  Equinox,  which  is  3,872  feet  in 
height,  according  to  Guyot,  the  limestone  rises  "  as  high  perhaps 
Si8  in  Mt.  Eolus."    In  Spruce  Peak,  Arlington  (fig.  11),  the  slates, 
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almost  horizontal  but  in  a  shallow  synclinal,  constitute  the  larger 
part  of  the  height,  and  overlie  about  300  feet  of  limestone.  In 
the  Bennington  Mountain,  Mt.  Anthony  (fig.  1 2),  2,688  feet  high, 
the  Eolian  limestone  makes  the  base,  and  over  it  are  about  ^'  1 ,800 
feet  of  shales  and  schists,"  dipping  westward  on  the  east  side,  and 
slightly  eastward  on  the  west  side.     In  Graylock  {^g.  13),  having 

13. 


Mt.  Anthony,  Bennington.  Graylock. 

a  height  of  3,505  feet,  the  stinicture  is  like  that  of  the  mountains 
just  described.  The  section  of  the  mountain  here  given,  copied 
from  the  Vermont  Report,  is  that  published  by  Prof  Emmons. 
My  own  observations  in  the  region,  undertaken  under  the  idea 
that  Prof  Emmons's  view  was  wrong,  ended  in  proving  him  right. 
Over  2,000  feet  of  slates  overlie  the  limestone. 

Again,  the  occurrence  of  isolated  north-and-south  belts  or 
ledges  of  limestone  within  the  "  great  central  slate  belt " — as  for 
example,  those  of  West  Rutland,  Ira,  Oastleton,  Hubbardton,  Sud- 
bury— suggests,  first,  that  the  slate  where  broadest  is  not  one 
synclinal,  but  one  with  several  subordinate  anticlinals  and  syn- 
olinals ;  and,  secondly,  that  the  limestone  was  brought  up  to  the 
surface  from  beneath  by  means  of  the  anticlinals. 

It  remains  to  give  an  account  of  the  fossils  and  stratification 
of  the  limestone  and  quartzyte  of  North  Middlebury  and  New 
Haven ;  of  the  eastern  belt  of  quartzyte  and  the  bordering 
linaestone ;  and  of  the  great  fault  at  Snake  Mountain,  west  of 
Middlebury ;  and  to  present  the  general  conclusion  deduced  by 
Mr.  Wing  from  his  observations. 

(To  be  continued.) 


Art.  XXXIX. — Notes  on  the  History  of  Helianthus  tuberosus,  the 
so-called  Jerusalem  Artichoke;  by  J.  Hammond  Trumbull 
and  Asa  Gray. 

Under  this  heading  the  Botanical  Editor  of  the  Journal 
proposes  to  offer  a  few  explanatory  remarks,  introductory  to 
the  subjoined  letter  which  he  received  from  Mr.  Trumbull  in 
an.swer  to  a  recent  enquiry. 

Linnaeus,  in  the  Species  Plantarum,  gave  to  Heliiinthus 
tuberosiAs  the  "habitat  in  Brasilia."  In  his  earlier  Hortus 
Ciifforiianus  the  habitat  assigned  was  "  Canada."     M.  Alphonse 
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DeCandolle,  in  his  Ofographie  Boianique,  ii,  824,  (1855),  refers 
to  this  as  **  decidedly  an  error,  at  least  as  to  Canada  properly 
so  called,"  assigns  good  reasons  for  the  opinion  that  it  did  not 
come  from  Brazil,  nor  from  Peru  (to  which  the  name  under 
which  it  appeared  in  cultivation  in  the  Fam^  garden  seemed 
to  refer),  but  in  all  probability  from  Mexico  or  the  United 
States.  He  adds  that  Humboldt  did  not  meet  with  it  in  any 
of  the  Spanish  colonies. 

About  this  time  I  received  from  my  friend  and  correspondent, 
the  late  Dr.  Short  of  Kentucky,  some  long  and  narrow  tubers 
of  Helianihua  doronicoides  Lam.,  with  the  statement  that  he  and 
some  of  his  neighbors  found  them  good  food  for  hogs,  and,  if 
I  rightly  remember,  had  planted  them  for  that  purpose.  They 
were  planted  here  in  the  Botanic  Garden ;  after  two  or  three 
years  it  was  found  that  some  of  the  tubers  produced  were 
thicker  and  shorter;  some  of  these  were  cooked  along  with 
Jerusalem  artichokes,  and  found  to  resemble,  them  in  flavor, 
although  coarser.  Consequently,  in  the  second  edition  of  my 
Manual  of  the  Botany  of  the  Northern  United  States  (1866),  it  is 
stated  that  H.  doroniondes  is  most  probably  the  original  of  K 
iuberosus.  This  opinion  was  strengthened  yeai*  after  year  by 
the  behavior  of  the  tubers,  and  by  the  close  similarity  of  the 
herbage  and  flowers  of  the  two  plants,  as  they  grew  side  by 
side;  indeed,  as  the  two  patches  were  allowed  to  run  together 
in  a  waste  or  neglected  place,  they  have  become  in  a  measure 
confounded.  Wishing  to  obtain  an  unmixed  stock,  I  applied 
last  autumn  to  Prof.  J.  M.  Coulter  of  Hanover,  Indiana,  and 
received  from  him  a  good  number  of  tubers  from  wild  plants 
of  the  neighborhood,  which  will  now  be  grown.  Some  of  these 
were  slender,  some  thicker  and  shorter,  and  a  few  were  to  all 
appearance  identical  with  Jerusalem  artichokes.  If  they  were 
really  all  from  one  stock,  as  there  is  reason  to  believe,  the 
question  of  the  origin  of  IJelianthus  tuherosus  is  well  nigh 
settled. 

We  were  now  interested  to  know  whether  our  Indians— at 
least  those  of  the  Mississippi  Valley,  where  H.  doronicoides 
belongs, — were  known  to  cultivate  these  tubers  or  to  use  them 
for  food.  Eecently  a  note  in  the  American  Agriculturist  chilled 
attention  to  a  sentence  in  Dr.  Palfrey's  History  of  New  Eng- 
land, i,  27,  stating  that  the  Indians  of  that  region  raised,  among 
other  articles  of  food,  "a  species  of  sunflower,  whose  esculent 
tuberous  root  resembled  the  artichoke  in  taste."  The  venerable 
historian  found  himself  at  the  moment  unable  to  refer  me  to 
the  sources  of  this  statement;  but,  as  it  was  now  certain  that 
some  record  of  the  kind  existed,  I  applied  to  Mr.  Trumbull, 
who  obligingly  and  promptly  supplied  the  information  required, 
and  plac^  it  at  my  disposal  in  the  fcllowing  letter : — 
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Hartford,  Conn;,  March  26,  1877. 

My  dear  Prof,  Oray: — I  cannot  refer  you  to  the  authority 
{intidem  verbis)  for  Dr.  Palfrey's  statement  that  the  Indians  of 
New  England  cultivated  "  a  species  of  sunflower  whose  esculent 
tuberous  root  resembled  the  artichoke  in  taste/'  but  there  can 
be,  I  think,  little  doubt  of  the  fact  The  historical  evidence 
that  **artischoki  sub  terrfi''  were  cultivated  in  Canada  and  in 
some  parts  of  New  England  before  the  coming  of  Europeans  is 
toleraoly  clear.  The  only  question,  if  there  be  any,  is  as  to 
species^  and  this  does  not  appear  to  have  been  raised  for  more 
than  half  a  century  after  the  "Jerusalem  artichoke"  was  known 
to  English  and  Continental  botanists. 

I  can  discover  no  authority  whatever,  before  1700,  for  ascrib- 
ing to  the  Uelianlhus  tubero^us,  either  a  Brazilian  or  a  Mexican 
origin,  except  —  and  the  exception  is  unimportant  —  in  C. 
Bauhin's  identification  (in  his  Pinojx^  277)  with  "  Helianthemum 
Indicum  tuberosum  "  (H.  tuberosus,  L.),  of  a  plant  that  he  had 
described  in  his  earlier  Prodromua  (ed.  1671,  p.  70)  as  "Chrysan- 
tfaemon  latifolium  Brasilianum,^^  from  a  dried  specimen  sent 
to  him  "eo  nomine"  from  the  garden  of  Contarini. 

The  first  trace  I  find  of  this  species,  in  Europe,  is  in  the 
2d  part  (cap.  6)  of  Fabio  Colonna's  "Ecphrasis  minus  coguita- 
rum  stirpium,"  published  at  Eome  in  1616.  He  described  it 
from  a  plant  growing  in  the  garden  of  Cardinal  Farnese.  The 
sunflower  was  already  well  known  to  European  botanists,  and 
had  been  described  and  figured  bj  Dodoens  (1563)  and  Lobel 
(1576)  as  *' Chrysanthemum  Peruvtanum'^  and  "Flos  solis 
Peruxnanriay  With  reference  to  these  descriptions,  probably, 
C!plonna  gave  the  new  species  the  name  of  **  Aster  Peruaiius, 
tuberosS  radice,"  otherwise  **  Solis  flos  Farnesianus."  (He  gave 
a  nnore  particular  description  of  the  plant  in  his  annotations 
tx)  Recchi*8  Hernandez,  Plant  Mexic.  Hist,  1651,  pp.  878,  881, 
as  ''Peruanus  Solis  flos  ex  Indiis  tuberosus.") 

The  author  of  the  "  Descriptio  variorum  plantarum,  in  Horto 
Farnesiano,"  published  under  the  name  of  Tobias  Aldinus 
(Borne,  1626),  gave  some  account  of  the  roots^  which  he  calls 
"Tuberalndica,"  of  the  "Solis  Flos  tuberosus,  sen  Flos  Farnes- 
ianus  Fabii  Columnae  "  (p.  91).  It  may  be  observed,  that  sev- 
eral of  the  rarer  plants  in  the  Farnese  garden,  at  this  time,  were 
from  "Canada"  and  "Virginia."  The  Passion  Flower  (admir- 
ably figured  by  Aldinus)  is  described  under  its  V(rg!nian  name, 
*•  Maracot "  (the  "Maracocks"  of  John  Smith  and  Stnichey) ; 
and  a  "Campanula  Americana"  is  otherwise  named  "Campan- 
ula Virginiana,  seu  ex  Virgin iis  insulis." 

C.  Bauhin,  in  his  Pinax  (first  published  in  1623),  ed.  1671, 
p.  276,  notes  that  the  "  Helianthemum  Indicum  tuberosum  "  is 
called  "Chrysanthemum  i  Canada^  quibusdam.  Canada  et  Ar- 
titchoki  sub  ierrdy  aliia     Oigantea^  Burgundis." 
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P.  Laurenberg,  ApparaL  plant,  (Rostock,  1632),  names  the 
species,  "  Adenes  Canadeiises  or  Flos  Solis  glandulosus."  Adl 
Vallot,  Hortus  Regis  Paris,^  1665  (as  cited  by  Bauhin)  gives  the 
names  •*  Canada  and  AriischoM  sub  teri-fi,"  and  '*  Canadas,^'  and 
describes,  also,  "Helenium  Canadense  altissimum,  Vosacan 
dictum,"  which  Tournefort  distinguishes  as  "Corona  Solis 
rapunculi  radice^^  (Inst  Herb.  490),  and  which  became  H, 
strumosus  L.  "  Vosacan,"  by  the  way,  is  a  French  fashion  of 
writing  the  Algonkin  word  wassakane  or  wassqkwdn,  which 
means  a  *  bright  yellow  flower.'  The  modem  Chippeways  give 
this  name  to  the  flowers  of  the  pumpkin  and  squash. 

Under  whatever  name  the  Jerusalem  Artichoke  was  described, 
there  seems  to  have  been  a  general  agreement  among  European 
botanists  that  it  came  from  Canada.  F.  Schuyl,  Catal  horti 
lAigd.  Bat.  (Heidelberg,  1672),  varies  the  specific  name  to 
"Chrysanthemum  Canadense  Arximosumy  P.  Amman.  Oiarac 
Plant  Nat  (1676),  has  "Helenium  Canadense." 

It  was  introduced  to  England  about  1617.  In  that  year,  Mr. 
John  Goodyer,  of  Maple  Durham,  Hampshire,  "received  two 
small  roots  thereof,  from  Mr.  Franquevill  of  London,"  which 
were  planted,  and  enabled  him,  before  1621,  to  "store  Hamp- 
shire.' He  wrote  an  account  of  the  plant,  under  date  of  Octo- 
ber 17,  1621,  for  T.  Johnson, — who  printed  it  in  his  edition  of 
Gerard,  1636  (p.  768).  Before  this  the  species  had  been  figured 
and  described  by  J.  Parkinson,  in  Paradisus  Terrestris  {Londou^ 
1629),  as  "Battatas  de  Canada,^^  and  in  his  Theater  of  Plants, 
1640  (p.  1383),  he  has  the  figure — a  good  one — without  the 
description,  under  the  names  "Battaias  de  Canada,  the  French 
Battatas,  or  Hierusalem  Artichoke."  Johnson,  in  Gerard  (\x 
758),  refers  to  Parkinson's  description,  and  gives  the  name  as 
"Flos  Solis  Pyramidalis,  Jerusalem  Artichoke."  It  already 
grew  "well  and  plentifully  in  many  parts  of  England.'* 

The  notices  by  early  voyagere,  of  ground-nuts,  eaten  by  the 
Indians,  are  generally  so  brief  and  so  vague,  that  it  is  not 
easy  to  distinguish  the  three  or  four  species  mentioned  under 
that  nanip  or  its  equivalents.  The  Mauum  tuberosum,  Apio^* 
tuberosa,  Aralia  iri folia,  and  a  Gyperus  {artuufatus  ?)  were  all 
"ground  nuts,"  or  "earth  nuts."  We  find,  however,  in  a  few 
instances,  unmistakable  mention  of  the  roots  already  knowD  in 
Europe  as  "Canadian." 

Brereton,  in  his  account  of  Gosnold's  voyage  to  New  Eng- 
land in  1602,  notes  the  "great  store  of  ground  nuts"  found  on 
all  the  Elizabeth  Islands.  They  grow  "  forty  together  on  a 
string,  some  of  them  as  big  as  a  hen^s  egg"  (Purchas,  iv,  1651) 
These,  doubtless,  were  the  roots  of  Apios  iuberosa.  But  when 
Charaplain,  a  few  years  later  (1605-6)  was  in  the  same  region, 
he  observ^  that  the  "  Almouchiquois "  Indians   near  Point 
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Mallebarre  (Nauset  harbor,  probably,)  had  "force  des  racines 
qiCels  cuUivent,  lesquelles  ont  le  gatii  dartichauV^  (Voyages,  ed. 
1632,  p.  84).  And  it  is  to  these  roots,  evidently,  that  Lescar- 
bot  alludes,  Histoire  de  la  Nouv,  France^  1612  (p.  840):  there 
is,  he  says,  in  the  country  of  the  Armouchiquois  (i.  e.,  New 
England,  west  and  south  of  Maine,)  a  certain  kind  of  roots 
^^  grosses  comme  riaveaux,  tr^  excellentes  k  manger,  ayaos  un 
gaOtt  retirani  aux  cardes^  mais  plus  agr6able,  lesquelles  plantSes 
muUiplient  en  telle  fa9on  que  c'est  merveille ;"  and  he  thinks 
these  must  be  the  **  Afrodilles"  described  by  Pliny. 

Sagard-Theodat  {Hist  du  Canada^  1686,  p.  785)  mentions  the 
cultivation  of  the  sunflower,  by  the  Hurons — who  extracted  oil 
from  its  seeds, — and  names  also  the  "  roots  that  we  [the  French] 
call  Canadienues  or  Pommes  de  Canada,  and  that  the  Hurons 
call  Orasqueiniaj  which  are  not  tery  (assez  peu)  common  in 
their  country.  They  eat  them  raw,  as  well  as  cooked,  as  they 
eat  another  sort  of  root  resembling  parsnips  [Sium  lineare?], 
which  they  call  Sat\dhratates,  and  which  are  much  better ;  but 
they  seldom  gave  us  these,  and  only  when  they  received  some 
present  from  us  or  when  we  visited  them  in  their  cabins,"  He 
goes  on  to  speak  of  '*  patates,  fort  grosses  et  tr^-excellentes," 
some  of  which  he  had  obtained  from  an  English  vessel  cap- 
tured by  the  French ;  but  none  of  these  were  to  be  found  in 
the  Huron  country,  nor  could  the  Indians  tell  him  the  name 
of  them;  and  he  regretted  that  he  had  not  brought  some  with 
him,  for  planting,  since  "  this  root,  being  cut  in  pieces  and 
planted,  quickly  grows  and  multiplies,  it  is  said,  like  the 
pommes  df  Canada'^  (pp.  781,  782).  It  is  plain  that  the  Huron 
roots  first-mentioned  were,  or  that  Sagard  believed  them  to  be, 
*  Jerusalem  Artichokes,* — already  known  as  **  Canadian." 

I  find  no  mention  of  the  artichoke  in  Virginia,  or  the  southern 
colonies,  before  it  was  cultivated  by  Anglo-Americans.  The 
author  of  "A  Perfect  Description  of  Virginia,"  printed  in  1649, 
says  that  the  English  planters  have  (inter  alia)  "  roots  of  several 

kindes.  Potatoes,  Sparagus,  Garrets, and  Hartichokes." 

Beverly,  (Hist,  of  Virginia,  1722,  p.  254),  mentions  **  Batatas 
Canadensis,  or  Jerusalem  Artichoke,"  as  planted  by  some  of 
the  English,  for  brewing  beer.  Yet,  the  nathe  of  one  of  the 
esculent  roots  mentioned  by  Hariot  (Brief  and  True  Eeport,  etc., 
1685)  ought  to  belong  to  some  species  of  ^Sun  Flower' — and  if 
to  any,  to  H.  iuberosus,  Hariot  names  three  tuberous  roots 
found  in  Virginia :  **  Opnmuk^  a  kind  of  roots  of  round  form, 
some  of  the  bignes  of  walnuts,  some  far  greater,  which  are 
found  in  moist  and  marish  grounds  growing  many  together  one 
by  another  in  ropes,  or  as  though  they  were  fastened  with  a 
string.  Being  boiled  or  sodden,  they  are  very  good  meate." 
[C.  Sauhin  (Prodromus,  89)  identifies  these  with   "  Solanum 
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tuberosum  esculentum," — and  has  been  followed  by  later  wri- 
ters. The  descriptioD  seems  to  me  to  indicate  Apios  tvberosa,'] 
^^  Kaishucpenavk,  a  white  kind  of  roots  about  the  bignes  of  hen 
egs  and  nere  of  that  forme :  their  taste  was  not  so  good  to  our 
seeming  as  of  the  other,  and  therefore  their  place  and  manner 
of  growing  not  so  much  cared  for  by.vs:  the  inhabitants 
notwithstanding  vsed  to  boile  and  eat  many."  These  may  be 
'Virginia  potatoes,*  but  their  namcj  if  Hariot  recorded  it  cor- 
rectly, means  *ASetn-tubers.'  The  etymology  is  perfectly  dear. 
The  other  roots  described  by  Hariot,  "  Okeepe^iiavk  are  also  of 
round  shape,  found  in  dry  grounds :  some  are  of  the  bignes 
of  a  man's  head,"  etc.  These  must  be  the  "Tubera  terra 
maxima,"  of  Clayton,  "  vulgo  Tuckahoo^''  which  Gronovius  (Fl. 
Virgin.,  206)  refers  to  Lycoperdon  aolidum  L ,  and  for  which 
Rafinesque  (Med.  Fl.  ii,  270)  proposed  a  new  genus  *'Tucahua" 
Kalm  describes  them  (Travels,  i,  225)  as  "Truffles."  Fries  (EL 
Fung,  ii,  39)  assigns  them  to  his  Pachyma  cocos. 

Writing  in  haste  and  with  frequent  interruptions,  it  has  been 
possible  to  do  little  more  than  copy,  without  condensing  or 
arranging,  such  notes  as  I  had  before  me.  They  have  extended 
to  such  a  length  that  I  must  not  add  even  an  apology  for  the 
superfluous  matter.  Yours  truly, 

J.  H.  Trumbull. 

It  would  be  interesting  to  know  whence  came  the  French 
name  of  these  Helianthus  tubers,  "Topinambour,"  it  being  the 
only  thing  in  the  case  which,  as  Mr.  Trumbull  remarks,  "looks 
to  a  Brazilian  origin,  as  it  seems  to  be  derived  (and  so  Littrd 
gives  it)  from  the  Topinamboux  Indians  of  Brazil."  The  En- 
glish name,  "Jerusalem  Artichoke,"  comes,  as  is  well  known, 
from  the  Italian  Oirasola,  i.  e.,  sun -flower. 

As  to  the  annual  sunflower,  or  Helianthus  annuus^  said  by 
Linnaeus  to  come  from  '*  Peru"  and  "  Mexico,"  I  have  for  some 
years  been  convinced  that  its  original  is  the  H.  lenticu'aris  oi 
jDouglas,  which  again  is  probably  only  a  larger  form  of  H, 
petioiaris  of  Nuttall,  natives  of  the  western  part  of  the  Missis- 
sippi Valley  and  of  the  plains  to  and  beyond  the  Rocky  Moun- 
tains. It  is  an  interesting  confirmation  of  this  opinion,  that 
Sagard  (as-mentioned  in  the  above  communication)  and  Cham- 
plain  found  this  sunflower  in  cultivation  by  the  Huron  In- 
dians, for  the  sake  of  the  oil  of  its  seeds,  which  they  used  for 
hair-oil. 
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Art.  XL. — A  new  Investigation  of  one  of  the  Laws  of  Friction; 
by  A.  S.  Kimball,  Professor  of  Physics  in  the  Worcester 
Institute  of  Industrial  Science. 

Reuleaux,  in  the  appendix  to  his  recently  published  "Cin- 
ematics of  Machinery, '  says  that  **many  engineering  schemes 
have  failed  because  they  were  designed  in  accordance  with  the 
statements  given  in  our  text-books  as  the  laws  of  friction." 
He  furthermore  adds,  "that  it  is  time  that  the  experiments  of 
Bochet  and  Hirn  should  be  raised  from  their  place  as  foot-notes 
to  a  position  in  the  text" 

During  the  last  year,  I  have  conducted  experiments,  on  as 
extensive  a  scale  as  our  laboratory  would  allow,  for  the  purpose 
of  settling,  if  possible,  certain  contested  points  in  the  aoctrine 
of  friction. 

Our  manuals  of  mechanics,  following  Morin  and  Coulomb, 
say  the  coefficient  of  friction  does  not  vary  tvith  the  velocity, 
Bochet  says  that  it  decreases  as  the  velocity  increases.  Hirn  says 
that  it  increases  as  the  velocity  increases.  Contradictory  as  these 
statements  are,  it  is  probable  that  each  contains  a  partial  truth. 
They  need  to  be  combined  to  make  a  complete  statement. 

Tne  results  of  my  experiments,  which  this  paper  is  to  de- 
scribe, would  indicate  that  the  following  is  the  true  law,  within 
the  range  of  my  experience.  The  coefficient  of  friction  at  very 
low  velocities  is  small ;  it  increases  rapidly  at  first,  then  more 
nadually  as  the  velocity  increases,  until  at  a  certain  rate,  which 
depends  upon  the  nature  of  the  surfaces  in  contact  and  the 
intensity  of  the  pressure,  a  maximum  coefficient  is  reached. 
As  the  velocity  continues  to  increase  beyond  this  point,  the 
coefficient  decreases.  An  increase  in  trie  intensity  of  the  press- 
ure (the  number  of  pounds  on  a  square  inch),  changes  the  posi- 
tion of  the  maximum  coefficient,  nnd  makes  it  correspond  to  a 
smaller  velocity.  The  more  yielding  the  materials  between 
which  the  friction  occurs,  the  higher  is  the  velocity  at  which 
the  maximum  coefficient  is  found.  Heating  the  rubbing  bodies 
changes  the  position  of  the  maximum  coefficient  to  a  higher 
velocity,  since  by  heat  the  bodies  are  made  softer,  and  are  caused 
to  yield  to  pressure  .with  greater  ease.  For  a  considerable  range 
of  velocities  in  the  vicinity  of  the  maximum  coefficient  the 
coefficient  is  sensibly  constant. 

The  experiments  upon  which  I  base  my  conclusions  may  be 
classified  as  follows: 

(1.)  Sliding  friction  down  an  inclined  plane. 

(2.)  Sliding  friction  at  uniform  velocities  on  a  horizontal  plane. 

(8.)  Friction  of  belts  on  the  surface  of  cast  iron  pulleys. 
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(4.)  Friction  of  wrought  iron  journals  in  boxes  or  bearings 
of  different  materials. 

(1.)  Sliding  friction  down  an  inclined  plane, — A  full  descrip- 
tion of  the  apparatus  used,  and  some  of  the  results  obtained,  will 
be  found  in  tnis  Journal,  March,  1876 ;  also  in  Van  Nostrand's 
Eclectic  Engineering  Journal,  June,  1876.  It  is  sufficient  for  my 
purpose  to  say  that  the  sliding  body  was  made  to  carry  a  smoked 
glass,  upon  which  was  traced  a  waved  line,  which  by  direct 
measurement  gave  the  time  of  sliding  and  the  spaces  passed 
over,  from  which  it  was  easy  to  compute  the  corresponding 
coefficients  of  friction.  In  the  article  referred  to,  no  velocities 
less  than  two  feet  a  minute  were  examined.  An  extension  of 
the  same  experiment,  to  the  case  of  much  lower  velocities, 
showed  a  curve  concave  toward  the  time  line,  indicating  that 
at  these  velocities  the  coefficient  of  friction  was  increasing.  As 
the  velocities  increased,  the  line  changed  its  direction  and  be- 
came convex  toward  the  time  line ;  thus  giving  in  the  limits 
of  one  experiment  a  verification  of  the  statements  made  above. 
For  further  particulars  respecting  this  method  of  experiment,  I 
refer  to  the  article  published  in  March  of  last  year. 

(2.)  Sliding  friction  at  uniform  velocities  on  a  horizontal  plane, 
— A  heavy  pine  plank,  fifteen  feet  long,  whose  surface  had  been 
planed,  was  carefully  leveled  on  the  floor  of  the  laboratory. 
The  weight-box  was  mounted  upon  shoes  which  could  be  cov- 
ered with  the  material  experimented  upon.  To  its  forward  end 
a  spring  dynamometer  was  attached,  which  was  pulled  bv  a 
cord  wound  around  a  drum,  which  was  made  to  revolve  at  a 
constant  velocity.  The  motive  power  was  a  fifteen  horse-power 
Corliss  engine,  oelonging  to  our  machine  shop,  whose  fly-wheel 
runs  with  great  regularity  at  the  rate  of  sixty  revolutions  a 
minute.  A  shaft  from  the  shop  runs  underground  to  the  cellar 
beneath  my  laboratory,  whence  through  several  countershafts 
the  power  is  transmitted  to  any  part  of  the  room.  By  means  of 
change  pulleys,  I  can  easily  command  a  great  range  of  veloci- 
ties. 

The  experiments  were  made  by  drawing  the  box  along  the 
plane  at  various  velocities,  and  reading  the  friction  from  the 
dynamometer.  This  combination  answers  very  well  for  low 
velocities,  but  the  slide  can  not  be  easily  stopped  when  the 
speed  is  great 

Several  series  of  experiments  were  made,  with  wood  on  wood, 
also  with  leather  on  wood.  The  results  verify  the  first  part  of 
my  statement,  that  the  coefficient- of  friction  increases  with  the 
velocity,  when  this  is  small.  The  following  are  some  of  the 
results  obtained  by  this  method  of  experiment. 
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Table  L — Pine  on  pine.     Slide  loaded  with  100  lbs.     Velocity  in 

inches  in  a  minute, 

y.  Coefficient  of  Friction. 

6 19 

11 -201 

75 -24 

300 -25 

Table  IL — Leather  on  pine.     Slide  loaded  with  100  lbs.    Velocity 

in  incites  in  a  minute. 
V.  Coefficient  of  Friction. 

•79 -22 

1-68 -27 

3-94 -33 

9-98 ---- -36 

2914 -38 

72-50 -41 

157-50 -43 

226-80 -45 

300- -46 

466-       -47^ 

These  experiments  show  the  increase  of  friction  with  the 
velocity  at  low  speeds  quite  clearly;  and  in  connection  with 
the  series  published  last  March,  which  showed  its  decrease  at 
hi>;h  velocities,  would  prove  the  high  probability  of  the  law  as 
I  have  stated  it,  especially  since  the  experiment  on  the  inclined 
plane  has  been  maae  to  show  a  variation  of  the  coeflBcient  from 
a  low  value,  through  a  maximum,  to  a  low  value  again,  while 
the  velocity  constaiitly  increases. 

(3.)  Friction  of  belts  on  the  surface  of  cast  iron  pulleys, — A  piece 
of  leather  belting  was  hung  over  a  cast  iron  pulley.  To  one 
end  a  determined  tension  was  given  by  a  fixed  weiglit;  to  the 
other  end  was  attached  a  spring  dynamometer.  The  tension  of 
the  ends  of  the  belt  being  known,  the  coefficient  of  friction  was 
easily  found  Several  pulleys  were  used,  and  various  kinds  of 
belting ;  and  a  considerable  range  of  tensions  was  employed, 
with  uniform  results. 

Two  tables  are  here  given,  one  selected  to  show  the  increase 
of  the  coefficient  at  low  speeds,  the  other  to  show  the  existence 
of  a  maximum  coefficient  at  a  definite  velocity.  In  the  third 
table,  the  first  column  gives  the  velocity  in  feet  in  a  minute; 
the  second  and  third  give  the  tensions  of  the  ends  of  the  belt; 
and  the  fourth  gives  the  relative  values  of  the  coefficients  found, 
the  maximum  m  each  case  being  represented  by  I'OO.  I  give 
relative  values,  since  they  show  variations  more  clearly  than 
the  absolute  values. 
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Table  IIL 

V.  Tf.  T|.  C. 

•37  30  13  -43 

•52  30  12^  -44 

1-1  30  ll|  -48 

2-3  30  10^  -58 

2-9  30  10  -66 

44  30  9i  -58 

15^4  30                        6^  -78 

34-1  30  b\  -86 

80^S  30                        4i  -96 

104*5  30  4|  ^99 

228-8  30  4i—  1-00 

In  the  following  table  only  velocities  and  relative  coeflficients 
are  given. 

Table  IV. 

V.  0. 

18 -82 

92 93 

660  1^00 

1190 -96 

1980  -82 

2969 69 

(4.)  Friction  of  wrought  iron  journals  in  boxes  of  different  matt' 
rials. — In  this  course  of  experiments  a  modification  of  the  fric- 
tion brake  was  used.     A  description  of  the  arrangement  in  one 
series  will  serve  for  all  the  others.     A  shaft  1"  in  diameter  was 
adjusted  so  that  it  could  be  driven  at  almost  any  rate  between 
one  revolution  in  two  days  and  1,000  in  a  minute.     A  hole  was 
bored  through  a  block  of  cast  iron  3i"x8i''X  li'',  and  carefully 
fitted  to  the  shaft;  rigid  iron  rods  were  screwed  into  the  top 
and  bottom  of  this  block,  and  adjusted  to  stand  in  a  vertical  line 
at  right  angles  to  the  shaft.     Upon  these  rods  slotted  weights 
could  be  placed,  and  thus  the  pressure  upon  the  shaft  and  the 
center  of  gravity  of  the  brake  could  be  readily  adjusted.     Upon 
the  front  of  the  block  a  plane  mirror  was  fastened,  and  beiore 
it,  at  a  convenient  distance,  were  placed  a  scale  and  telescope. 
When  the  shaft  was  turned,  the  friction  between  it  and  the 
brake  caused  the  latter  to  turn  until  the  moment  of  the  friction 
was  equal  to  that  of  the  brake,  and  the  angle  at  which  this 
equality  was  established  could  be  read  from  the  scale  by  the 
telescope.     As  the  center  of  gravity  was  always  adjusted  so 
that  the  brake  never  revolved  through  an  angle  of  more  than 
three  degrees,  the  scale  readings  were  approximately  propor- 
tional to  the  coefficient  of  friction  ;  and  smce  relative  and  not 
Absolute  results  were  sought  for,  the  labor  of  reduction  was 
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not  undertaken.  Several  tables  will  be  given  to  illustrate  the 
method  of  conducting  a  series  of  experiments  with  this  appa- 
ratus. 

Table  V. 

Wrought  iron  shaft,  I''  diam. ;  box,  cast  iron,  1^'  long;  load,  100  lbs. 

Shaft  well  oiled. 

Velocity  of  the  circumference  of  the  ehaft. 

No.  1,  72*.  No.  2,  272*.  No.  3,  606'.  No.  4, 1320'. 

Scale  readings 515  500 

515  500 

515  495 

515  495 

515  495 

515  495 

515  ...  485 

515  ...  485 

520  ...  485 

520  ...  486 

520  ...  486 

520  ...  490 

525  ...  ...  480 

525  ...  ...  480 

625  ...  ...  480 

525  ...  ...  475 

525  ...  ...  480 

525  ...  ...  485 

Mean 519  497  486  480 

Position  of  equilibrium  464  464  464  464 

Deflections 55    '  83  22  16 

Relative  values  of  the  coefficient  of  friction. 
No.  1,  1-00.         No.  2,  -60.         No.  8,  -40.         No.  4,  -29. 

The  results  given  above  were  made  with  high  velocities,  and 
show  coefficients  of  friction  decreasing  as  the  velocity  increases. 

The  results  of  a  similar  series  with  very  low  speeds  are 
given  in  the  next  table. 

Table  VL 

Velocity  of  the  circumference  of  the  shaft:  No.  1,  -007';  No.  2, 
•027';  No.  3,  -060';  No.  4,  -182'  in  a  minute. 

No.  1,  -37.  No.  2,  -51.  No.  3,  -73.  No.  4,  1-00.. 

These  results,  unlike  those  of  the  former  table,  show  a  coeffi- 
cient of  friction  increasing  as  the  velocity  increases. 

A  large  number  of  expenments  similar  to  those  given  above 
have  been  made  with  uniform  results. 
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I  have  been  able  to  verify  experimentally  the  law  stated 
early  in  this  paper  in  the  following  cases:  wood  sliding  od 
wood,  wood  on  iron,  leather  on  iron,  zinc  on  iron,  and  copper 
on  iron ;  and  to  obtain  results  verifying  the  first  half  of  the 
law  in  the  case  of  leather  on  wood. 

The  experiments  above  detailed  make  it  easy  to  explain  the 
various  results  obtained  by  the  three  authorities  quoted  at  the 
beginning  of  this  paper.  Morin  experimented  under  conditions 
which  gave  him  a  coeflScient  very  near  the  maximum,  and  thus 
his  results  are  approximately  constant.  Bochet  experimented 
with  railway  trains,  his  conditions  were  high  speeds,  hard 
rubbing  suriaces,  and  great  intensity  of  pressure.  All  these 
circumstances  are  favorable  to  the  result  he  obtained,  namely, 
a  coeflBcient  decreasing  as  the  velocity  increases.  Hirn,  on  the 
other  hand,  employed  very  light  pressures,  less  than  two  pounds 
on  a  square  incn,  and  kept  his  rubbing  surfaces  so  thoroughly 
lubricated  that  the  friction  was  between  oil  and  oil  instead  of 
two  metal  surfaces;  his  speeds  were  not  very  great  These 
conditions  are  precisely  the  ones  I  have  found  favorable  to  the 
results  he  reached, — a  coefficient,  increasing  as  the  velocity 
increases.  It  would  be  very  easy  to  form  a  theory  which 
would  account  for  the  variation  of  friction  with  the  velocity,  j 
under  the  rule  I  have  given. 

It  is  well  known,  that  if  a  given  deflection  in  a  bar  is  pro- 
duced by  a  weight  acting  for  five  seconds,  for  example,  that 
the  same  deflection  may  be  produced,  by  a  less  weiglit,  acting 
for  a  longer  tima  Now,  as  the  force  required  to  overcome 
friction  is,  partially  at  least,  expended  in  bending  down  the 
minute  irregularities  on  the  surface  of  the  rubbing  bodies,  it 
becomes  evident  how,  other  things  being  equal,  a  rapid  motion 
would  call  for  the  exertion  of  a  greater  force  than  would  be 
required  if  the  motion  were  slow. 

On  the  other  hand,  the  longer  two  surfaces  under  pressure 
are  in  contact  the  greater  must  be  the  interlocking  of  the  irregu- 
larities upon  the  rubbing  surfaces.  On  this  account  a  rapid 
motion  would  not  require  the  expenditure  of  so  great  a  force  to 
overcome  the  friction.  Thus,  we  have  two  effects,  varying 
with  the  velocity,  but  having  opposite  signs.  Now  it  is  not 
probable,  from  the  nature  of  the  case,  that  these  effects  are 
numerically  equal,  or  even  proportional,  and  thus  we  can,  at 
the  least,  say  that  the  conditions  are  favorable  to  the  existence 
of  a  maximum  resultant  effect.  Having,  however,  ascertained 
the  fact  by  experiment,  the  explanation  becomes  a  matter  of 
minor  importanca 

It  may  be  said  that  these  facts  have  no  practical  importance 
at  the  velocities  ordinarily  employed.  I  would  call  attention 
to  Table  V,  where  it  will  be  seen  that  by  increasing  the  veloc- 
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i^  of  shafting  within  the  limits  of.  ordinary  shop  practice,  a 
redaction  of  the  coefficient  of  friction  of  quite  fifty  per  cent 
may  be  mada  The  pressure  on  the  shaft  might  also  be  reduced, 
for  it  would  be  unnecessary  to  maintain  so  great  a  tension  upon 
the  belts,  and  thus  in  some  cases  a  very  considerable  economy 
of  power  might  be  effected.  We  know  that  in  many  shops  a 
large  fraction  of  the  power  developed  by  the  engine  is  expended 
in  overcoming  the  friction  of  the  shafting  and  machinery. 

On  the  other  hand,  it  is  desirable  that  the  friction  of  the  belt 
hpon  the  pulley  should  be  as  great  as  possible.  The  conditions 
usually  met  with,  which  determine  the  friction  of  belts,  are, 
low  intensities  of  pressure,  a  rubbing  surface  which  yields  with 
considerable  easa  In  such  cases  a  high  speed  is  needed  to 
develop  the  greatest  amount  of  friction.  See  Tables  HE  and 
IV. 

I  am  under  obligations  to  Messrs.  Butterfield  and  Wilson, 
who  have  rendered  me  valuable  assistance  in  conducting  the 
experimental  work  of  this  investigation. 

1  hope  soon  to  be  able  to  give  tabulated  results,  which  may 
have  a  certain  practical  value  to  working  engineers. 


Abt.  XLI. — Bkaminaiion  of  American  Minerals,  No.  6. — 
Description  of  Columhic  Add  Minerals  from  new  localities  in 
the  Umted  States^  einhracing  a  reclamation  for  the  restoration  of 
the  name  Columbium  to  tlie  element  now  called  Niobium. 
Description  and  analyses  of  Columbite,  iSamarskite,  Euxenite^ 
and  tergusonite^  and  the  new  species  Hatchettolite,  and  Rogersite; 
by  J.  Lawbencb  Smith,  Louisville,  Ky. 

It  is  the  common  practice  of  all  American  chemists  and  min- 
eralogists to  speak  of  the  metal  which  is  called  Niobium  by 
English  and  continental  chemists,  as  Columbium.  This  is  emi- 
nently just,  since  the  metal  was  discovered  and  well  defined,  and 
named  columbium,  forty-five  years  before  the  name  niobium 
was  given  to  it  The  change  of  name  was  caused  by  a  double 
mistake,  in  no  way  connected  with  the  original  observations  in 
1801  by  Prol  Hatchett  of  England. 

These  mistakes  arose  as  follows: — In  the  first  place,  Eke- 
berg  discovered  in  1802  a  supposed  new  metal  which  he  called 
tantalum,  but  which  a  short  time  afterward  was  regarded  as 
identical  with  columbium;  and  for  forty-five  years  tantalum 
and  columbium  were  synonymous  terms  in  all  works  on  chem- 
istry, although  Wollaston  suspected  their  dissimilarity;  sec- 
ondly, when  D.  Bose  made  his  well-known  exhaustive 
researches  on  the  columbite  of  Bodenmais,  he  showed  that  this 
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mineral  contained  not  one  but  two  metallio  acids ;  one  of  these 
was  tantalum^  and  the  other  he  supposed  to  be  a  new  metal 
which  he  named  niobium,* 

Subsequent  examination,  however,  convinced  Bose  (and  his 
conclusions  have  been  confirmed  by  others  who  have  repeated 
his  experiments),  that  the  two  metallic  acids  obtained  from  the 
Bodenmais  columbite  were  really  the  original  columbic  acid  of 
Hatchett,  discovered  in  1801,  and  the  tantalic  acid  discovered 
by  Ekeberg  in  1802.  Instead,  however,  of  calling  the  first 
mentioned  acid  niobic  acid,  its  original  name  should  have  been 
left  to  it  The  result  of  Bose's  researches  was  in  fact  simply 
the  demonstration  of  the  actual  difference  of  columbium  and 
tantalum ;  for  Hatchett's  discovery  was  clear,  precise,  and  well 
made  out,  and  has  never  been  controverted. 

This  being  a  correct  summary  of  the  historv  of  the  composi- 
tion of  the  columbium  minerals,  it  is  but  nght,  just,  and  in 
accordance  with  chemical  and  mineralo^cal  precedence,  that 
the  name  given  bj  the  discoverer  should  replace  that  of  nio- 
bium, which  originated  forty-five  years  later. 

A  point  of  less  importance,  but  worthy  of  some  considera- 
tion, 18,  that  this  element  derived  its  name  from  the  country  in 
which  it  was  discovered,  it  being  the  first  and  up  to  the  pres- 
ent time,  the  only  element  discovered  in  that  part  of  America 
usually  named  Columbia. 

In  addition  to  the  above,  an  interesting  fact  connected  with 
the  minerals  of  this  group,  is,  that  all  the  varieties,  save  one  or 
two,  have  been  discovered  in  greater  quantities  and  in  larger 
crystals  in  the  United  States  than  in  other  known  localities; 
for  crystals   of  columbite  weighing   from   one-half  to   seven 
kilograms  have  been  found  at  or  near  the  locality  where  the 
specimen  was  obtained  that  was  sent  to  Hatchett,  and  several 
other  localities  far  removed  from  the  original  one  have  since 
been  brought  to  light.     More  recently,  the  highly  interesting 
and  rare  columbate,  samarskite,  has  been  discovered  in  a  local- 
ity in  North  Carolina,  and  already  at  one  spot  five  hundred 
kilograms  have  been  taken  out.     Among  the  minerals  from  this 
last  locality,   besides  the   samarskite  and   columbite,   I  have 
detected   two  new  colurabates,  and  also  good   specimens  of 
euxenite.     More  recentlv,  I  have  found  columbite  embedded 
in  those  remarkable  crystals  of  green  feldspar — Amazon  stone- 
coming  from  El  Paso  County,  Colorado,  and  which  are  the 
admiration  of  all  mineralogists. 

Besides  the  above,  fergusonite  in  fine  specimens,  although 
small  in  size,  has  been  found  in  the  granite  formation  of  Rock- 
port,  Mass.     In  fact,  if  we  look  at  the  localities  of  columbium 

*  H.  Rone  still  eupposing  that  this  tantalum  was  the  same  as  what  was  known 
equally  well  as  oolumbium. 
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minerals  on  the  North  American  continent,  they  will  be  found 
to  range  from  Greenland  in  the  north  to  Carolina  in  the  south, 
from  Massachusetts  on  the  east  to  Colorado  on  the  west 

After  these  remarks  in  reference  to  the  restoration  of  the 
name  columbium  among  the  elements,  replacing  that  of  nio- 
bium, I  will  detail  my  researches  upon  the  more  recently  dis- 
covered columbates. 

Columhite  firom  North  CarolifUL 

This  mineral  has  been  found  during  the  past  few  years  at  the 
mica  mines  in  Mitchel  County,  and  in  Yancey  County  near 
Burnsville,  in  the  State  of  North  Carolina.  It  occurs  in  rocks 
belon^ng  to  the  same  epoch  as  those  in  which  the  samarskite 
was  discovered,  and  whicn  will  be  mentioned  more  fully  when 
the  latter  mineral  is  described. 

There  is  nothing  peculiar  or  striking  in  the  crystalline  form 
of  the  mineral  as  lound  at  this  locality ;  many  of  the  crystals 
that  have  come  under  ray  observation  have  been  compressed 
and  distorted,  as  is  not  unfrequently  the  case  with  minerals 
associated  with  mica.  Most  commonly  I  have  seen  it  in  irreg- 
ular lumps  weighing  from  five  to  one  hundred  grams.  Sev- 
eral pieces  have  been  sent  to  me  under  the  supposition  that 
they  were  tantalite,  but  in  no  instance  have  I  found  it  to  be  the 
case,  the  specific  gravity  never  exceeding  6'6  to  5*6. 

The  specific  gravity  of  the  columbite  as  obtained  both  for 
the  crystals  and  for  the  massive  variety  is  as  follows : 

Crystals .-. 6'662 

Massive 5*486 

The  analyses  of  both  varieties  show  that  they  are  chemically 
identicaL  The  average  of  several  analyses  which  agreed  very 
slosely,  is: 

Massive.     Orystals. 

Columbic  acid* 80*82  8006 

Tungstic  and  stannic  acids 1  *02  1*21 

Iron  protoxide 8*73  14*14 

Manganese  protoxide 8*60  6*21 

Copper  oxide trace         

99*17       100-62 

The  distinctive  peculiarity  of  the  composition  of  this  colum- 
bite is  the  large  amount  of  manganese  oxide  compared  with 
that  of  the  iron  in  the  massive  variety,  it  being  greater  than 
that  given  in  the  analysis  of  any  other  columbite. 

*  I  refer  to  the  metallic  acid  in  the  analyses  in  this  paper  as  columbic  acid  from 
the  fact  Uiat  the  tantalic  acid  which  accompanies  it  is  only  in  small  quantities, 
and  also  because  none  of  the  methods  proposed  for  separating  the  two  adds  have 
giren  satisJbotory  results  in  my  hands. 


862       J.  L.  Smith — Examination  of  American  Minerals. 

Columhite  from  Colorado. 

Among  the  magnificent  and  gigantic  crystals  of  Amazon- 
stone  recently  discovered  in  EI  Faso  Co.,  Colorado — ^and  so 
energetically  explored  by  A.  E.  Foote — ^some  specimens  were 
shown  me  having  small  black  acicalar  crystals  imbedded  just 
beneath  their  surface.  Carefully  detaching  them  from  the  feld- 
spar, by  no  means  an  easy  task,  and  examining  the  crystalline 
form,  and  subsequently  tne  chemical  composition,  I  found  them 
to  be  columbite.  A  few  small  and  well-marked  ci^stals  have 
been  detached ;  the  largest  was  a  flattened,  imperfect*  crystal, 
weighing  one  and  one-half  j^rams.  Most  commonly  they 
are  only  in  the  form  of  black  elongated  specka  A  small 
amount  of  the  pure  mineral  that  was  separate  enabled  me  to 
make  out  its  composition,  although  I  could  not  obtain  enough 
for  a  very  careful  quantitative  examination.  The  examination 
made  gave  a  very  low  specific  gravity ;  it  was  taken  on  "600 
gram,  and  is  5*16.     Analysis  of  'oOO  gram  gave 

Columbic  acid 79'61 

Iron  protoxide 14*14 

Manganese  protoxide  .   4*61 

Loss  by  heat '50 

08-86 
Samarskite. 

A  few  small  specimens  of  this  rare  mineral  from  North  CaroliDa 
have  been  in  cabinets  for  several  years,  but  its  exact  locality 
and  the  nature  of  its  occurrence  were  first  made  known  in 
April,  1873,  through  the  agency  of  Joseph  Wilcox  of  Philadel- 
phia, and  subsequently  by  the  investigations  and  collections 
made  by  Rev.  J.  Grier  Kalston  of  Norristown.  Not  having 
visited  the  locality  myself,  I  have  obtained  my  information 
concerning  it  from  the  above  mineralogists.  It  is  found  in 
Wiseman's  mica  mine,  Greesv  Creek  Township,  Mitchel  County, 
near  North  Toe  River,  North  Carolina.  It  was  obtained  while 
extracting  the  mica,  principally  in  a  kind  of  pocket  in  the 
mine,  the  miners  calling  it  black  mineral,  Mr.  Ralston  was  very 
active  in  having  it  collected,  and  in  1875,  there  had  been  accu- 
mulated about  400  kilograms  of  the  mineral,  which  was  brought 
away  from  the  mine  by  him ;  since  that  time  only  a  little  or  it 
has  Deen  taken  out  of  the  mines,  but  in  all  probability,  it  will 
be  found  again  in  more  or  less  abundance.  Prior  to  this  dis- 
covery, the  largest  pieces  of  samarskite,  found  in  the  Ural  local- 
ity, were  of  the  size  of  hazel-nuts;  these  occur  imbedded  in  a 
reddish  brown  feldspar. 

Its  geological  position  is  in  crystalline  rocks,  in  what  may  be 
called  a  coarse  granite ;  the  minerals  of  which  rock  are  not 
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granular,  but  exist  in  large  masses,  so  that  in  extracting  the 
fine  blocks  of  mica,  these  are  readily  detached  from  the  other 
constituents  of  the  granite.  The  samarskite  is  getierallj  in 
close  relation  to  the  feldspar,  which  last,  in  all  the  specimens  I 
have  seen,  was  more  or  less  disintegrated  ;  this  arises  no  doubt 
from  the  proximity  of  the  samarskite  to  the  surface,  it  not 
having  been  found  as  yet  in  the  unaltered  granite. 

For  some  time  after  the  discovery  of  this  mineral,  mineralo- 
gists were  not  agreed  as  to  its  being  samarskite,  no  crystals 
having  been  found  by  which  to  establish  its  identity,  and  the 
partial  analyses  made  not  giving  concordant  results.  This  dis^ 
crepancy  arose,  however,  from  tne  intermixture  of  other  min- 
erals, three  of  which  I  have  detected,  two  of  them  being  new. 

On  one  occasion  I  took  a  specimen  of  very  compact  mineral, 
perfectly  clean,  and  to  casual  observation  perfectly  uniform  in 
color  and  texture ;  on  breaking  off  a  portion  from  one  end  of 
it  and  taking  the  specific  gravity,  I  found  it  to  be  6*221,  which 
was  so  much  lower  than  that  of  samarskite  that  I  passed  it  over 
to  my  assistant  for  reexamination.  His  results  corresponded 
exactly  with  mine. 

I  then  broke  ofi^  a  piece  immediately  contiguous  to  the  one 
already  examined  and  found  its  specific  gravity  5*682,  being 
that  of  samarskite.  On  examining  the  first  piece  by  breaking 
off  thin  scales,  I  could  detect  that  a  portion  of  them  had  a  very 
dark  brown  luster,  produced  by  the  mixture  of  some  euxenite, 
a  mineral  that  I  have  discovered  pure  and  in  all  stages  of  mix- 
ture with  the  samarskite  There  is  no  difficyilty,  with  some 
little  experience,  in  obtaining  any  quantity  of  this  mineral  with 
its  usual  characters. 

Aspect  of  the  finest  specimens. — Intense  jet  black,  and  when 
broken  having  a  large  brilliant  conchoidal  fracture,  perfect, 
even,  and  smooth,  with  the  luster  vitreous. 

It  is  exceedingly  brittle,  breaking  like  black  obsidian,  with 
very  sharp  edges;  any  one  seeing  it  broken  for  the  first  time 
would  take  it  for  black  obsidian,  until  handled,  when  its  weight 
would  indicate  that  it  was  another  mineral.     All  the  pieces  of 

Sure  samarskite  are  not  equally  brilliant  in  fracture  as  above 
escribed,  but  approach  to  it  more  or  less. 

Hardness. — I  should  say  that  it  was  6*5  to  6,  nearer  6,  but 
owing  to  the  brittleness  of  the  mineral  it  is  not  easy  to  fix  its 
exact  hardness. 

Specific  gravity,— 6'12. 

Crystalline  form,  —  I  am  indebted  to  Mr.  Ralston  for  the 
inspection  of  the  only  specimens  from  which  its  crystalline 
form  could  be  made  out,  and  these  have  been  thoroughly 
described  and  studied  by  Mr.  Edward  S.  Dana;  the  examination 
made  by  this  skillful  crystallographer  is  to  be  found  in  this 
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Journal,  March,  1876,  page  201;  be  also  first  pablisbed  an 
account  of  the  region  in  which  it  is  found,  and  gave  an  account 
of  the  associated  minerals. 

Composition. — This  mineral  from  North  Carolina  has  already 
been  examined  three  times.  In  1862,  Prot  T.  Sterry  Hunt 
examined  a  small  piece  of  the  mineral,  less  than  one  gram,  said 
to  have  come  from  Rutherford  County^  again,  Miss  Ellen  H. 
Swallow  has  given  a  most  excellent  analvsis  of  the  samarskite 
from  Mitchel  Co.  agreeing  with  those  made  by  myself  as  nearly 
as  the  analyses  of  such  a  mineral  can  be  expectea  to  do  when 
made  on  different  specimens ;  and  finally,  Prol  Allen  has  made 
an  analysis,  which  is  to  be  found  on  p.  840  of  Dana's  Text  Book 
of  Mineralogy  (March,  1877).  The  following  are  the  analyses, 
(1)  of  myself,  (2)  of  Miss  Swallow,  and  (8)  of  Prof.  Allen. 

(1)  (2)             (3) 

Columbic  acid 66-18  j  «.^  q/.  87'20 

Tantalioacid •|64w  ^^,^^ 

Tun^stic  and  stannic  acids 0*31  0*16  0*08 

Yttna 14-49  12-84  14-46 

Cerium  oxides* 4-24  6-17  4-26 

Uranium  oxide 10*96  9*91  12-46 

Manganese  protoxide 1-53  10-91  0-76           , 

Iron  protoxide 11-74  14-02  10-90 

Magnesia trace  0-65CaO 

Loss  by  ignition "72  0*62  1-12 

Insoluble  residue  from  cerium  oxide 1-25  


9912  100-36 

The  late  Heinrich  Rose,  in  describing  the  samarskite  of 
Miask,  gives  an  analysis  by  Finkener  and  Stephans,f  which  dif- 
fers from  the  analysis  previously  made,  as  well  as  from  those 
now  detailed,  indicating  the  presence  of  four  per  cent  zirconia, 
and  six  per  cent  of  thoria.  The  announcement  of  the  presence 
of  the  latter  named  oxide  has  been  one  of  the  causes  of  the 
delay  of  my  publishing  this  paper,  for  I  desired  if  possible 
to  verify  the  results  of  Finkener  and  Stephans  It  is  only 
recently  that  I  have  obtained  a  few  fframs  of  pure  Miask  sa- 
marskite, from  the  School  of  Mines  of  St  Petersburg,  through 
Prof.  Norp6,  but  all  of  this,  except  about  1^  grams,  was  lost 
after  reacning  me,  so  I  have  not  been  able  to  do  more  than 
make  an  imperfect  examination;  and  this  examination  shows 
that  there  is  some  diflFerence  in  the  earthy  oxides  from  those  in 
the  North  Carolina  soecimens,  the  exact  determination  of  which 
I  must  postpone  for  some  future  occasion. 

*  I  record  these  oxides  as  oerium  oxides,  but  I  am  not  altogether  ntiafied  in 
regard  to  their  true  nature  and  proportion  of  the  respective  oxides,  whi^  are  now 
oodergoing  a  chemical  exammatiorL. 
f  Verhandlung.  Min.  St.  Pe^  \ft^,  \^. 
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JEkioeenite, 

In  examining  portions  of  the  samarskite,  that  was  surrounded 
by  decomposea  feldspar,  I  detected  a  mineral  not  having  the 
intense  black  of  the  samarskite,  but  of  a  brownish  color  with  a 
streak  and  powder  much  lighter  than  that  of  samarskite ;  and  in 
pushing  my  researches  further,  the  mineral  was  obtained  still 
fighter,  of  a  hair  brown  color,  the  powder  being  of  an  ash  color. 
In  thin  fragments  it  is  translucent ;  the  fracture  is  subconchoidal, 
but  in  most  instances  irregular,  with  a  resinoid  luster. 

Its  aspect  made  it  very  evident  that  it  was  something  diflFerent 
from  the  samarskite,  and  an  examination  proved  this  opinion 
correct,  and  established  its  true  mineralogical  position. 

No  crystals  have  been  found,  so  it  is  not  possible  to  establish 
its  identity  in  crystallization  with  euxeuite ;  but  all  its  other 
physical  and  chemical  properties  are  those  of  that  mineral. 

The  specific  gravity  of  pieces  taken  from  different  specimens 
was  respectively  4*598,  4'620,  4*642.  On  analysis  it  was  found 
to  contain 

Columbicacid 64*12      Uranium  oxide 9-63 

ToDgstic  and  stannic  acid..     *21  Manganese  protoxide. . .     '08 

Tttnum  and  cerium  oxides  24*10      Iron  protoxide 31 

Lime .-.. 6*58       Water 5*70 


99-58 


The  columbic  acid  was  tested  most  carefully  for  titanic  acid, 
both  by  fusion  with  bisulphate  and  with  carbonate  of  potash, 
but  none  of  it  could  be  detected ;  only  6  milligrams  of  a  resi- 
due was  obtained  as  a  result  in  these  analyses,  and  it  is  well 
known  to  analysts  that  this  is  most  probably  attributable  to 
columbic  acid. 

I  need  hardly  insist  that  the  above  properties  belong  to  the 
mineral  euxenite:  they  approaching  closely  that  from  Tromoen, 
analyzed  by  Strecker,  except,  that  this  chemist  makes  as  much 
as  sixteen  per  cent  of  the  metallic  acids  to  be  titanic  acid. 
This  euxenite  represents  a  purer  type  of  a  colurabate  than  most 
of  those  of  which  analyses  are  given,  while  it  is  also  remarkable 
for  the  small  quantity  of  iron  oxide  in  it ;  being  a  hydrated 
columbate  of  yttria,  uranium  and  lima 

IlatehettolUe — a  new  Colurnbate, 

This  is  an  additional  one  of  the  series  of  columbic  acid  min- 
erals found  with  the  samarskite  of  North  Carolina.  My  atten- 
tion was  first  called  by  Mr.  Ralston  to  some  octahedral  crystals 
that  he  had  diligently  uncovered  from  the  disintegrated  feld- 
spar, which  had  to  all  appearance  some  connection  with  the 
samarskite.  He  had  sent  two  or  three  of  these  crystals  to 
Edward  S.  Dana  some  time  before,  and  l\i\a  \«a\.  mvci!^'n\o^^\> 
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was  inclined  first  to  refer  it  provisionally  to  pyrochlore,  but 
finally  on  account  of  its  high  specific  gravity  suggested  its  pos- 
sible relation  to  microlite.  (See  this  Journal,  March,  1876,  page 
204).  No  further  steps  having  been  taken  to  settle  the  charac- 
ter of  this  mineral,  I  undertook  its  examination  on  specimens 
furnished  me  by  Mr.  Balston,  and  also  on  a  specimen  I  after- 
ward found  in  carefully  examining  the  altered  gangue  of  the 
samarskite  in  my  possession. 

The  result  has  been  the  establishing  of  a  new  mineral  of  this 
series,  which  I  have  called  Hatchettolite,  from  the  discoverer  of 
the  element  columbiumu  It  occurs  in  regular  octahedrons,  but 
of  the  six  crystals  that  I  have  examined,  all  have  the  cubic 
planes  and  the  form  8-8,  and  E.  S.  Dana  observed  the  same  od 
the  crystals  he  examined. 

In  referring  to  these  modifications,  I  would  state  that,  among 
eight  or  ten  crystals  of  pyrochlore  seen  by  me  I  have  never 
observed  them,  although  this  last  mineral  is  found  with  them, 
as  may  be  seen  in  M.  Kokscharow's  magnificent  work  on  Rus- 
sian minerals.  I  could  not  detect  any  distinct  cleavage.  Its 
hardness  is  about  6;  perhaps  a  little  over.  Specific  gravity: 
that  of  a  fine  small  crystal  was  found  to  be  4'861 ;  of  small 
fragments  well  selected  from  a  large  crystal  that  had  mica  in 
some  part  of  it,  4*785.  Prof.  Brush  obtained  (as  quoted  by  K 
S.  Dana)  4-794. 

It  is  well  to  add  here  the  specific  gravity  of  a  very  fine 
crystal  of  pyrochlore,  weighing  one  and  one-half  grams;  as 
taten  by  myself,  it  is  4'25.  That  of  microlite— another  octa- 
hedral columbate, — by  Shepard  and  Hayes,  is  6*484. 

Color  of  HaicheUoliie, — Yellowish  brown  with  a  grayish  opa- 
lescence ;  on  heating  to  redness  becomes  of  an  opake  greenish 
yellow  ;  luster  resinous;  fracture  subconchoidal. 

Composition, — I  made  three  analyses,  the  first  two  on  frag- 
ments from  the  specimens  of  Mr.  Ralston,  and  the  third  from 
a  specimen  in  my  own  collection.  The  mineral  was  broken 
into  pieces  from  2  to  i  mm.  in  diameter,  and  then  carefully 
selected  under  the  glass  to  avoid  admixture  of  any  other  min- 
eral.    Thus  selected  it  was  found  to  contain  : 

Columbic  acid 66*0 1  67*86  67*25 

Tungstic  and  stannic  acids.     '75  "60  '91 

Uranium  oxide.   !..    15-20  15-63  16-01 

Lime 7-72  709  7*11 

Yttria  and  cerium  oxide. ..  2-00  -86  "64 

Iron  protoxide 2*08  2*51  212 

Potash *50  1*21  not  estimated 

Water— lost  by  heat 6*16  4*42  5-02 

Lead trace 
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It  will  be  seen  that  the  special  difference  between  this  min- 
eral and  pyrochlore  is  that  \t»  predominating  base  is  uranium 
oxide,  wnich  last  mineral,  according  to  Wdhler's  analysis  of 
that  from  Miask,  does  not  contain  any  of  this  oxide,  though 
the  analyses  of  others  give  a  small  quantity  of  it  It  is  to  be 
supposed  that  Wohler  examined  the  best  and  purest  type  of 
the  mineral  in  that  from  Miask. 

Rogereite^  a  new  columbate. 

On  some  of  the  samarskite,  but  more  especially  on  the  euxe- 
nite,  a  white  crust  was  found  adhering  with  some  degree  of 
firmness,  and  on  examining  it  under  the  glass,  it  presented  a 
mammillary  structure,  sometimes  like  little  pearly  beads.  When 
on  the  euxenite  it  is  more  readily  separated  than  when  on 
samarskite.  By  pressing  on  it  witli  a  sharp  point,  it  becomes 
detached  in  small  fragments. 

I  have  called  this  mineral  Rogersite,  in  honor  of  the  Ameri- 
can geological  Nestor,  Wm.  B.  Rogers,  whom  we  all  delight  to 
honor  for  his  important  labors  in  scientific  and  economic  geol- 
ogy, from  an  early  date  up  to  the  present  day. 

The  quantity  that  has  as  yet  been  discovered  is  very  small. 
Mr.  Balston  possesses  the  nnest  specimen,  which  is  about  the 
size  of  the  hand,  with  four  or  five  grams  of  this  mineral  on  the 
surface,  quite  pure  and  very  characteristic.  I  had  to  operate 
on  a  great  number  of  small  pieces  carefully  detached,  which 
have  enabled  me  to  establish  its  true  character. 

It  is  readily  recognized  by  its  well  marked  mammillary  struc- 
ture even  when  the  fragment  is  quite  small.  Its  hardness  is 
about  8*5 ;  specific  gravity  3*318. 

I  made  two  analyses,  each  time  on  small  portions.  The 
results  furnished  were : 

Water 17-41         16-.34 

Columbic  acid IS'IO         20*21 

Yttria,etc 60-12 

In  the  second  analysis,  owing  to  an  accident,  the  yttria  was 
lost ;  the  first  also  shows  about  4  per  cent  not  accounted  for. 

These  analyses  are  to  be  taken  only  as  approximative,  for 
before  complete  and  reliable  analyses  of  this  mineral  can  be 
made,  a  larger  quantity  will  be  required  The  mineral  is  an 
interesting  one,  as  being  the  first  columbate  discovered  so 
largely  hydrated.  It  has  evidently  resulted  from  the  decom- 
position of  either  samarskite,  or  euxenite,  or  both. 

Fkrgusonite, 

Two  years  ago  a  dark  brown  mineral,  with  a  remarkably 
bright  and  perfect  conchoidal  fracture,  was  shown  to  me  by  Mr. 
•  W.  E.  Knowlton  of  Boston,  who  obtained  it  from.  t\i^  ^^\i>\fe 
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quarries  of  Bockport,  bat  its  nature  had  not  been  determined. 
The  quantity  then  found  was  very  small  and  only  a  portion  of 
it  was  given  to  me ;  a  short  time  afterward,  I  informed  Mr. 
Knowlton  that  it  was  fergusonite,  and  requested  him  to  look 
further  for  specimens.  Since  then  but  little  more  has  been 
found,  but  enough  was  furnished  me  to  make  out  its  true  char- 
acter, both  physically  and  chemically,  except  its  crystalline 
form.  It  is  found  particularly  at  one  locality  near  the  intersec- 
tion of  two  trap  dykes. 

For  a  space  covering  about  thirty  or  forty  feet,  masses  of 
feldspar  and  quartz  replace  the  granite,  and  it  is  in  the  feldspar 
that  the  Fergusonite  is  found,  intimately  associated  with  cyrto- 
lite,  and  sometimes  even  penetrating  crystals  of  this  last  mine- 
ral. In  the  same  feldspar,  annite,  cryophyllite,  and  fine  crys- 
tals of  smoky  c^uartz  are  found. 

The  mineral  is  of  a  fine  dark  brown  color  in  the  interior,  with  a 
clear  conchoidal  fracture ;  resinous  luster  ;*  hardness  6 ;  specific 
gravity  5'681;  streak  light  brown;  powder,  ash-colored;  but 
when  heated  to  a  bright  red  heat  for  fifteen  minutes  changing 
to  a  light  greenish  yellow  color  with  a  loss  of  1^0  per  cent 

Columbicacid 48'Y5 

Yttria 46-01 

Cerium  oxides 4'23 

Iron  and  uranium  oxides '25 

Water  (loss  by  heat) 1*65 

100-89 

It  corresponds  very  nearly  in  composition  with  the  fergu- 
sonite from  Greenland. 

Remarks  as  to  the  chemical  character  of  the  mineraiB  described. 

The  compositions  of  the  columbates  from  the  various  locali- 
ties appear  at  first  sight  to  be  very  complex  and  irr^ular,  but 
if  examined  critically,  and  due  allowance  be  made  for  the  inter- 
mixture of  these  minerals,  which  intermixture  cannot  be 
detected  on  account  of  the  similarity  of  color  and  fracture  of 
the  difierent  minerals,  this  irregularity  disappears  to  a  greater 
or  less  extent 

The  first,  and  the  one  best  known,  columbitej  is  well  recog- 
nized as  a  simple  columbate  of  iron  and  manganesa 

Microlilej  from  what  little  we  know  of  its  composition, 
appears  to  be  a  columbate  of  lime,     Pyrochlore  is  to  be  regarded 

*  The  action  of  a  red  heat  on  small  fragments  is  to  change  their  color  to  a 
greenish  yeUow ;  hut  before  this  takes  place,  the  fragments  exhibit  the  phenome- 
non of  glowing  in  a  manner  more  striking  than  any  specimens  of  gadolinite,  a 
mineral  remarkable  for  its  glowing,  that  I  ^ve  experimented  with.  Ftom  lack  of 
jDAtexial  I  did  not  take  Uio  specific  gravity  after  heating. 
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as  a  oolnmbate  of  the  ceriam  oxides  and  lioie ;  whether  or 
not  a  neutral  colambate,  farther  examination  is  to  determine. 

HatcheUolitR  is  doubtless  a  neutral  columbate  of  uranium  oxide 
and  Kme.  Then,  when  we  pass  to  the  samarskite^  we  have  a  basic 
columbate  of  iron,  uranium  and  yttrium  oxides.  Ytirotanta- 
lite  and  euxenite  are  basic  columbates,  the  former  anhydrous 
when  pure,  the  latter  hydrated,  both  being  basic  columlmtes  of 
yttria  and  uranium  oxides. 

Fergusonite  is  a  hydrous  basic  columbate  of  yttria;  and 
Bogersite  is  a  hvdrated  columbate  of  yttria,  still  more  basic. 

In  making  tnis  general  review  of  these  minerals,  of  course  I 
have  not  regarded  those  variable  constituents  existing  in  small 
quantities  and  replacing  more  or  less  one  or  other  of  the  pre- 
ponderating bases  of  each  species. 

The  ancdj/sis  and  chemical  study  of  the  above  Minerals. 

I  have  several  points  under  this  head  to  consider  and  to 
describe  in  detail ;  but  it  more  properly  belongs  to  another 
paper,  which  will  supplement  this,  for  lam  now  studying  the 
earthy  oxides  associated  with  the  yttria  of  the  North  Carolina 
minerals,  which  I  am  far  from  being  satisfied  contains  cerium 
oxide,  although  some  of  the  reactions  of  cerium  oxide  are 
obtained,  a  fact  already  mentioned  in  a  note  to  the  description 
of  samarskite.  I  am  separating  the  earths  from  one  kilogram  of 
the  mineral,  which  when  obtained  will  furnish  material  enough 
for  the  proper  solution  of  this  question. 


Abt.  XLTT. — On  the  Sensitiveness  to  Light  of  various  Salts  of 

Silver ;  by  M.  Carey  Lea. 

Salts  of  silver  may  exhibit  sensitiveness  to  light  in  three 
several  ways.  They  may  exhibit  a  visible  darkening,  or  they 
may  receive  a  latent  image,  and  this  latent  image  may  have  a 
capacity  of  being  rendered  visible  either  by  receiving  a  deposit 
of  metallic  silver  or  by  decomposition  by  alkalies  in  connection 
with  reducing  agents.  These  two  last  mentioned  phenomena 
are  verv  distinct  in  their  character,  for  in  the  first  of  them  the 
image  is  produced  entirely  by  the  addition  of  silver  not  previ- 
ously present  In  the  second,  no  silver  whatever  is  added,  but 
that  portion  of  substance  which  received  the  direct  action  of 
light,  undergoes  decomposition  by  subsequent  treatment  In 
both  cases  the  action  of  light  sets  up  a  molecular  change.  The 
portions  acted  upon  by  light  become,  in  the  one  case,  more  apt 
to  attract  a  precipitate  in  the  act  of  formation  (for  example, 
silver  precipitated  by  ferrous  sulphate) ;  in  the  other  case  tney 
are  more  readily  attacked  by  certain  reducing  agetit& 
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The  silver  compounds  which  exhibit  the  greatest  tendency 
to  form  hitent  images  by  the  action  of  light  are  of  coarse  the 
iodide,  bromide,  and  chlorida     But  the  same  tendency  is  shared 
to  a  less  degree  by  other  compounds,  and  the  latent  image 
formed  upon  them  may  belong  to  either  of  the  above  mentioned 
classes.     The  capacity  of  a  certain  number  of  silver  salts  to 
receive  latent  images,  developable  by  a  precipitate  in  the  act 
of  formation,  was  examined  many  years  ago  by  Mr.  Robert 
Hunt.     Since  then  the  matter  has  received  but  little  attention, 
and  if  I  am  not  mistaken,  no  investigations  have  at  an^  time 
been  made  as  to  the  capacity  of  silver  salts  other  than  iodide, 
bromide,  and  chloride  to  receive  latent  images  of  the  second 
sort,  viz :  those  susceptible  of  alkaline  development,  in  the  en- 
tire absence  of  silver  nitrate.     This  subject  I  have  recently 
examined  with  the  following  results : 

Soluble  salts  of  acids  capable  of  forming  insoluble  or  nearly 
insoluble  salts  with  silver  were  selected  and  the  sorfiu^e  of  very 
pure  paper  was  impregnated  with  them.  After  drying,  the 
papers  were  floated  on  a  solution  of  silver  nitrate,  containing 
about  twenty  grams  to  the  ounce,  acidulated  with  half  a  drop 
of  nitric  acid,  sp.  gr.  1*28  to  the  ounce  of  solution.  The  excess 
of  silver  nitrate  was  then  washed  out  One  set  of  papers  were 
then  simply  dried,  another  set  were  soaked  for  about  a  minute 
in  a  ten  grain  solution  of  gallo-tannic  acid,  and  then  again  washed. 

The  salts  thus  formed  on  the  surface  of  the  paper  were  ex- 
posed to  a  strong  diffuse  light  for,  in  some  cases,  twelve  seconds, 
in  others,  seven.  They  were  then  submitted  to  the  action  of  a 
very  weak  solution  of  pyrogallol,  ammonium  carbonate  and 
potassium  bromide,  the  latter  used  to  check  the  rapidity  of  the 
action  of  the  other  agents. 

Silver  citrate  and  tartrate  both  gave  rather  weak  images.  The 
citrate  showed  a  strong  tendency  to  irregular  reduction. 
Nothing  of  this  appeared  m  the  case  of  the  tartrate. 

Silver  p/aiinocyanide  gave  quite  a  strong  image,  stronger  than 
any  other  substance  tried,  except  of  course  the  silver  bromide 
used  for  comparison. 

Silver  mucate  gave  a  very  faint  image  with  much  irr^ular 
reduction. 

Silver  pyrophosphate  behaved  in  the  slime  way. 

Stiver  arsenite  gave  a  moderately  strong  image,  coming  next 
to  the  platinocyanide,  and  like  it,  clear  and  free  from  all  irr^u- 
lar  reduction. 

Silver  sulphocyanide^  an  extremely  faint  image  with  much 
irregular  reduction. 

Silver  antimonio'tartrate^  a  weak  •  image  entirely  free  from 
irregular  action. 

Silver  fulminurate^  weaker  than  the  last  mentioned,  but  also 
ciear. 
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Silver  nitrite^  similar  to  the  last. 

Silver  hippuraie,  an  excessively  faint  image  with  much  irregu- 
lar reduction. 

The  following  substances  showed  (with  the  above  mentioned 
exposures)  no  trace  of  a  latent  image : 

Silver  salicylate,  Silver  tungstatCy 

"     valeraiej  "     ferrocyanide^ 

"     succiiiatej  '*      nitroprusside, 

**     sulphite,  "     chromate, 

**     resinate,  "     carbonate, 

'*     phosphate,  '^     oxalate. 

"  metaphosphate. 
As  these  ex[>eriment8  were  strictly  limited  to  the  subject 
under  investigation,  viz :  production  of  latent  images  capable  of 
development  by  the  action  of  pryrogallol  and  ammonia  it  must 
be  understood  that  the  insensitiveness  spoken  of  is  insensitive- 
itess  to  this  particular  action  with  a  rather  brief  exposure,  and 
under  the  conditions  mentioned.  And  this  action  is  that  to 
which  the  iodide,  bromide,  and  chloride,  exhibit  their  highest 
d^ree  of  sensitiveness,  rendered  evident  by  an  exposure  very 
much  shorter  than  that  given  in  these  investigations. 

As  respects  the  action  of  tannin,  which  action  was  separately 
investigated  with  respect  to  evei^  one  of  the  above  salts,  it 
appeared  that  no  substance,  insensitive  in  the  absence  of  tannin, 
acquired  sensitiveness  by  its  presence.  It  was  also  doubtful  if 
in  any  case  tannin  increased  the  sensitiveness  of  any  of  these 
substances,  a  fact  which,  in  view  of  the  increased  sensitiveness 
conferred  by  tannin  on  the  silver  haloids,  is  remarkable. 

Philadelphia,  March  22,  1877. 
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1.  Chemical  Actions  of  the  Silent  Electric  Discharge. — Bebthe- 
LOT  has  published  in  full  his  memoir  on  the  various  chemical 
actions  which  he  has  observed  to  be  produced  by  the  silent  elec- 
tric discharge  {efflum  electrique).  The  first  part  treats  of  the 
absorption  of  nitrogen  by  organic  substances  under  thene  condi- 
tions, and  has  already  been  noticed  in  these  pages.  The  second 
part  treats  of  the  same  absorption  under  the  influence  of  atmos- 
pheric electricity,  the  experiments  being  made  at  the  Meteorologi- 
cal Observatory  of  Montsouris,  one  armature  of  the  apparatus 
being  put  in  contact  with  the  earth  and  the  other  with  a  layer  of 
air  two  meters  above  it,  the  difference  of  potential  being  measured 
by  means  of  a  Thomson-Branly  electrometer.  Twelve  tubes  were 
employed,  in  five  of  which  moistened  filter  paper  was  placed,  in  the 
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second  five  moistened  dextrin,  while  the  last  two  contained  internal 
armatures  of  silver  and  were  filled  with  oxygen  in  order  to  detect 
the  formation  of  ozone.    Two  of  each  of  the  five  tubes  were  filled 
with  pure  nitrogen,  two  of  each  with  ordinary  air,  while  the 
remaining  one  of  each  sort  was  left  open  to  the  air.     The  experi- 
ments continued  from  July  29  to  October  5,  1876,  the  mean  elec- 
tric tension  beinff  that  of  3*5  Daniell  cells,  though  it  varied  from 
4.  60  to  —  180  during  the  two  months.     In  the  ten  tubes  contain- 
ing nitrogen  or  air,  the  nitrogen  was  fixed  by  the  organic  substance 
forming  an  amide  which  soda-lime  decomposed  at  300^  to  400°, 
yielding  ammonia.     The  third  part  consiaers  the  importance,  in 
view  of  the  facts  above  described,  of  studying  in  a  connected  and 
methodical  manner  the  electric  state  of  the  atmosphere,  since  the 
fixation  of  nitrogen  in  this  way  must  play  an  important  part  in 
the  fertilization  of  the  soil,  in  the  theory  of  fallowing,  and  in  tlie 
development  of  plants  and  agricultural  products.    In  the  fourth 
part,  Berthelot  considers  the  absorption  of  free  hydrogen  by 
organic  matters  under  the  same  circumstances.    Benzene  absorbed 
250  times  itH  volume  of  hydrogen,  yielding  a  polymer  of  CgHg. 
Turpentine  oil  and  acetylene  acted  similarly ;  the  latter  yielding  a 
solid  polymer  which  on  heating  yielded  ethylene,  crotonylene,  and 
ethyl  nydride.     The  fifth  part  treats  of  the  formation  and  decom- 
position of  binary  compounds  by  the  silent  discharge.     A  mixture 
of  one  volume  nitrogen  and  three  volumes  hydrogen  yi^ds  three 
per  cent  of  ammonia,  while  ammonia  is  decomposed  yielding  three 
per  cent  of  its  constituent  gases.     Sulphurous  oxide  yields  ten  per 
cent  of  free  oxygen   and   insoluble  sulphur.     Carbonons  oxide 
yields  Brodie's  hypocarbonous  oxide  C4O3.     In  the  sixth  part  the 
various  forms  of  apparatus  used  by  the  author  in  the^e  researches, 
are  described. — Ann.  Chim,  Phf/8.,  V,  x,  51,  Jan.  1877.    g.  f.  b. 

2.  Is  Nitrogen  oxidized  by  Ozone  in  presence  of  Alkalies  f^ 
The  statement  made  by  Schdnbein  in  1849,  that  ozone  united 
with  free  nitrogen  in  presence  of  alkalies  to  form  nitrous  compounds, 
is  generally  accepted,  as  furnishing  an  important  basis  for  the 
deceived  theories  of  nitrification.  Berthelot  has  examined  the 
question  anew,  taking  care  to  avoid  the  causes  of  error  existing 
in  Schonbein's  expenments,  two  in  number;  first  the  use  of  lime 
water,  which  generally  contains  nitrates ;  and  second  the  use  of 
unwashed  ozone  from  the  phosphorus,  which  contains  nitrous  com- 
pounds produced  in  the  slow  oxidation  of  the  metalloid.  Oxygoi 
collected  over  boiled  water  was  ozonized  by  the  silent  discharge, 
and  four  liter  flasks  were  three-fourths  filled  with  it,  the  other 
fourth  being  filled  with  air.  Ten  c.  c.  baryta  water  were  placed  in 
each  and  allowed  to  remain  over  night.  Although  the  OBomied 
oxygen  contained  twenty-three  milligrams  of  ozone  in  a  liter,  not 
a  hundredth  of  a  milligram  of  nitrate  was  formed  in  the  four  flasks. 
Air  ozonized  by  phosphorus  and  allowed  to  stand  twenty-foor 
hours,  and  which  contained  5*7  milligrams  ozone  per  liter,  gave 
less  than  a  twentieth  of  a  milligram  of  nitrate;  essentially  the 
same  result.     The  author  concludes  therefore  that  ozone  does  noC 
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oxidize  nitrogen  under  these  circnmstances. — BuU,  80c.  Ch,,  IL 
xxyii,  160,  Feb.  1877.  g.  p.  r 

3.  On  ^  Equivalence  of  Nitrogen. — Victob  Mstsb  has  replied 
to  the  paper  of  Ladenbarg  and  Stmye,  noticed  in  the  April  nunir 
ber  of  this  Jonmal,  and  states  that  he  has  carefully  repeated  their 
experiments,  but  with  an  entirely  different  result.  So  far  as  the 
qnestioD  of  the  decomposition  of  triethylbenzylammonium  iodide 
and  the  non-decomposition  of  benzyltriethylammonium  iodide  on 
eyaporating  their  solutions,  is  concerned,  Meyer  linds  that  neither 
body  yields  a  trace  of  benzyl  iodide  on  evaporation ;  and  hence 
that  the  ''pr&gnante  Unterschied"  between  these  bodies,  upon 
which  the  assertion  of  the  non-equivalence  of  the  bonds  of  nitrogen 
rests,  has  no  existence.  The  author  supposes  that  the  salt  used  by 
Ladenbnrg  and  Semve  contained  some  dibenzyldiethylammonium 
iodide,  a  body  which  gives  benzyl  iodide  on  distillation. — Ber, 
Bmi.  Chem.  Ges.^  x,  809,  March,  1877.  6.  f.  a 

4.  A  new  metaUic  element.  Neptunium, — Hkrmai9K  has  made  an 
exhaustive  research  on  the  metals  of  the  tantalum  group,  in  which 
he  not  only  claims  to  have  established  the  existence  of  his  element 
ilmenium,  but  also  the  discovery  of  another  metal,  belonging  to 
this  group,  which  he  calls  N^ttmium.  The  mineral  worked  on 
was  labelled  tantalite  from  Haddam,  Connecticut ;  but  proved  on 
examination  to  be  columbite  and  ferroilmenite  in  equal  parts. 
The  metallic  oxides  separated  from  the  mineral  consisted  of  Ta^ 
Oj  32-30,  Cb^Oy  36-79, 11^0^  24-62,  Np^O^  6;30.  To  obtain  the 
neptunium,  the  pulverized  mineral  was  fused  with  hydro-potassium 
■umhate,  the  acid  hydrates  digested  with  ammonium  sulphide  and 
hydrochloric  acid,  washed  well  with  water,  dissolved  m  hydro- 
fluoric acid,  mixed  with  an  equivalent  quantity  of  potassium 
fluoride,  and  the  solution  diluted  to  forty  parts  boiling  water  to 
one  of  fluoride.  On  cooling,  tantalum-potassium  fluoride  crystal- 
lized, in  delicate  prisms.  On  evaporation,  columbium-potassium 
fluoride  and  ilmenium-potassium  fluoride  crystallized  out,  leaving 
an  acid  mother-liquid.  This  was  diluted  with  twenty  parts  water, 
heated  to  boiling  and  sodium  hydrate  added  in  excess.  An  amor- 
phous precipitate  of  sodium  neptuhate  was  formed,  mixed  with 
minute  crystals  of  columbate.  The  precipitate  was  collected  on  a 
filter,  pressed  out,  and  boiled  with  twenty-flve  parts  of  water. 
The  coiumbate  dissolved,  the  neptunate  remained.  The  latter  was 
fused  with  hydro-potassium  sulphate,  the  fusion  was  treated  with 
boiling  water  and  the  undissolved  residue  of  neptunic  acid  washed 
and  dried  over  sulphuric  acid.  Neptunic  acid  resembles  in  gen- 
eral the  other  acids  of  the  group,  but  is  distinguished  from  colum- 
bic  and  ilmenio  acids  by  the  insolubility  of  the  sodium  double 
fluoride  and  from  tantalic  acid  by  the  ready  solubility  of  its 
potassium  double  fluoride.  Neptunic  acid  ^ives  with  phosphorus 
salt  in  the  inner  blow-pipe  flame  a  wine-jeTlow  bead,  the  sodium 
salt  a  ffold-yellow  glass,  while  tantalic  acid  giVes  no  color,  colum- 
bic  acid  gives  blue  and  ilmenic  acid  gives  brown.  With  tincture 
of  galls,  the  sodium  salts  give,  on  addition  of  hydrochloric  acid  a 
sulphur-yellow  precipitate  with  tantalic,  orange  with  cobimhv^^ 
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briok-red  with  ilmenic,  and  cinnamon-brown  with  n^onic  acid. 
Boiled  with  tin  and  hydrochloric  acid  ncptunic  acid  gives,  like 
columbio  and  ilmenic  acids,  a  blue  solution.  From  the  pure  crys- 
tallized double  potassium  fluoride,  the  atomic  weight  of  neptunium 
was  fixed  as  118,  its  atomic  volume  as  18,  and  its  specific  gravity 
as  6-66.  The  formula  of  the  acid  is  Np^O^,  (£1,0)  J.  The 
sodium  salt  crystallizes  in  prisms,  llie  author  prmared  metallic 
columbium  and  ilmenium  in  the  pure  form  and  determined  the 
amount  of  oxygen  taken  up  by  these  metals  on  heating  them  in 
the  air.  Columbium  required  20*49  and  ilmenium  37*96  of  oxy- 
gen ;  the  amount  obtained  by  Rose  being  20*60  and  by  Marignae 
88*00.  Rose,  therefore,  it  is  clear,  had  pure  columbium ;  while  it  is 
equally  clear,  according  to  Hermann,  that  Marignac  must  have  had 
nearly  pure  ilmenium.  This  is  stated  to  be  a  necessary  result  from 
the  method  of  preparation.  After  crystallizing  out  the  tantalam- 
potassium  fluonde,  Marignac  evaporated  and  re-crystallized,  ob- 
taining a  nearly  pure  ilmenium-potassium  fluoride,  ^m  which  he 
prepared  his  metal  Hermann's  paper  concludes  with  an  account 
of  his  methods  of  separating  the  metals  of  this  group,  and  descrip- 
tions of  their  compounds. — JT.  pr.  Ch.y  II,  xv,  106,  Feb.  1877. 

o.  F.  & 

6.  On  the  Phosphorescence  of  Organic  lAquide, — Radziszewski, 
having  had  his  attention  called  to  the  phosphorescence  of  lophin 
when  acted  on  by  potassium  hjdrate  and  oxygen,  has  extended 
his  observations  to  other  bodies  and  finds  that  paraaldehyde, 
metaaldehyde,  aldehyde-ammonia,  furfurin,  hydroanisamide,  anisi- 
dine,  hydrocum amide,  and  hydrocuminamide,  have  all  the  same 
property.  Since  these  bodies  are  all  either  aldehydes  or  ammonia 
derivatives  of  aldehyde,  their  luminosity  may  be  due  to  the  oxida- 
tion of  the  aldehyde.  He  therefore  examined  formic  aldehyde, 
and  observed  a  bright  phosphorescent  light  when  its  solution  in 
alcohol  potash  was  agitated,  and  the  formation  of  potassium 
formate  was  proved.  In  the  light  of  Duchemin's  statement  that 
Noctiluca  miliaria  produces  on  delicate  skins  an  irritation  like 
nettles,  the  author  suggests  that  this  animal,  like  ants,  secretes 
formic  acid  not  as  such  but  as  the  aldehyde,  which  in  the  process 
of  oxidation  is  the  cause  of  their  luminosity.  When  a  current  of 
oxygen  is  passed  through  a  hot  alcoholic  solution  of  grape  sugar 
containing  potash,  it  becomes  weakly  luminous,  a  fact  which  in  so 
far,  confirms  the  aldehyde  nature  of  glucose. — J5er.  BerL  Chem, 
Ges,y  X,  321,  March,  1877.  g.  f.  r 

6.  On  Mekzitoae. — In  1858,  Berthelot  described  a  new  com- 
pound sugar  existing  in  the  Brian9on  manna  prepared  from  the 
larch  (Larix  Europea),  Villi brs  has  now  examined  a  manna 
collected  in  Lahore,  produced  by  exudation  from  the  AUtagi 
MauroTum^  a  thorny  shrub  belonging  to  the  family  of  the  Legn- 
minosas.  It  is  abundant  in  Persia,  where  it  is  used  both  for  medi-^ 
cine  and  as  food  under  the  name  of  Turanjbin.  Crystallized  from 
water  and  then  from  alcohol,  it  was  obtained  in  the  form  of  white 
bulky  crystals,  containing  one  molecule  of  crystal-water  which 
they  lose  even  in  dry  sax  8A.  vVi^  otdlnary  temperature,  and  tha 
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have  the  formula  C^^^at^ii*  ^^^  solution  is  dextrogyrate, 
rotating  -|-94**  48'  referred  to  tne  neutral  tint,  or  88**  61'  referred 
to  the  yellow  light  of  sodium.  On  ebullition  with  dilute  sulphu- 
ric acid,  the  rotary  power  changes  slowly,  being  reduced  at  the 
end  of  an  hour  to  -f-*^^^*  It  does  not  reduce  copper  tests  until  after 
reduction,  and  yields  on  oxidation  with  nitric  acid,  oxalic  acid  only. 
It  melts  at  1 40  .  All  these  points  prove  it  to  be  identical  with  the 
melezitose  of  Berthelot.  It  crystallizes  in  clinbrhombic  prisms. — 
BulL  Soc.  Ch.,  II,  xxvii,  98,  Feb.  1877.  g.  f.  b, 

7.  IH^tfhstitutian  derivatives  of  Benzol:  by  Edoab  P.  Smith, 
Ph.D.,  Assistant  in  Analytical  Chemistry,  University  of  Pennsyl- 
vania. (Abstract  of  Inaugural  Dissertation  at  Gdttingen,  1876.) 
— The  investigation  of  the  tri-substitution  compounds  of  benzol 
has  only  of  late  engaged  the  attention  of  chemists.  The  following 
results,  recently  obtained  by  me,  are  presented  as  a  contribution 
to  the.  knowledge  of  bibromnitro-,  bibromamido-,  tribrom-,  and 
bibromhydroxylbenzoic  acids. 

P A R A BRO MMBTABROM XITOOBK NZOIC   AciD. 
OfiHiBrPBr-NOjCOOH.    Fusing  point  162"  C. 

This  acid  was  obtained  by  nitrinng  parabrommetabrombenzoio 
acid  discovered  by  Hiibner  and  Burghard  (Burghard's  Disserta- 
tion, Gottingen,  1875).  The  fusing  point  of  this  latter  acid  is 
22.- -230°  C.  To  effect  the  introduction  of  the  nitro-group  (NOj), 
the  acid  obtained  bv  the  above  chemists  was  heated  upon  a  water- 
bath  with  fuming  nitric  acid.  The  application  of  a  more  intense 
heat  produces  entirely*  different  acids.  In  the  cold,  fuming  nitric 
acid  was  without  action  upon  the  bi-brom  acid. 

After  the  conversion  of  the  bibrom  acid  into  the  corresponding 
nitro-acid  by  means  of  fuming  nitric  acid,  aided  by  gentle  heat, 
the  whole  is  allowed  to  cool  and  water  then  added  to  the  solution. 
The  bi-bromnitro  acid  was  partially  precipitated  in  flocculent 
masses ;  the  greater  quantity  of  the  acid,  however,  remained  dis- 
solved. All  of  it  was  obtained  by  evaporating  the  solution,  placed 
in  a  porcelain  dish,  to  dryness  upon  a  water  bath,  and  the  residue 
purified  by  boiling  it  with  sodium  carbonate. 

In  hot  water  the  acid  is  easily  soluble,  crystallizing  from  it  in 
fine  colorless  needles.  The  fusing  point  was  found  to  be  162°  C. 
The  acid  is  not  volatilized  by  steam.  When  heated  between 
watch  glasses  it  sublimes  with  partial  decomposition.  It  is  very 
probable  this  acid  is  identical  with  that  obtained  by  Hiibner  and 
Angertein  (Angertien's  dissertation,  Gottingen,  1869).  The  rela- 
tion of  the  nitroradical  to  the  COOII-group  or  to  the  bromine 
atoms  has  not  yet  been  determined. 

Parabrommetabroiim itrobenzoate  <>/  J^ad :  (C ^j Hg  BrPBr"'N O, 
COOj^g^^*  Obtained  by  precipitating  a  hot  solution  of  the 
potassium  salt  with   lead   acetate.     A  white  insohible   powder. 

Lead  estimation,  0*2755  grm.  dry  salt  gave  0-0906  grm.  PbSO^ 

:=0'0659   grm.  Pb  =  23*95  per  cent.     Theoretical  percentage  =i 

24*21  per  cent  Pb. 

Am.  Jouk.  8ci. —Third  Sbbibs,  Vol.  XIII,  No.  77.— Wxx,\^Tl. 
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Carbon  and  hydrogen  determination :  0*2143  grm.  salt  gave 
0-0433  grm.  carbon  =  20-1  per  cent.  Farther,  0*0266  grm.  B.^0 
=  1  per  cent  H. 

Nitrogen  determination  :  0'1681  grm.  gait  =  8*63  per  cent  N. 

Theoretical  percentages  =  Carbon,  10'7  per  cent,  hydrogen  0*50 
per  cent,  nitrogen  =  3*26  per  cent. 

P(irabron%metahi*omnitrobenzo<jUe  of  Sodium  :  C^H^BrPBr^NO, 
C00Na+3H,0.  This  salt  crystallizes  from  dilute  solutions  in 
needles,  often  forming  bundles.  From  concentrated  solutions  it  is 
obtained  in  almost  colorless,  broad  shining  leaflets.  Soluble  in 
cold  and  hot  water.  The  anhydrous  salt  requires  6*63  per  cent 
Na.     Found  6*66  per  cent  Na. 

Parabrommetahroninitrobemoate  of  Potassium:  C^H^BrPBi" 
NO 2  COOK.  The  pure  acid  was  boiled  with  potassium  carbonate, 
the  salt  crystallizing  from  the  solution  in  needles.  Very  solable 
in  warm  water. 

Anhydrous  salt  requires  10*76  per  cent  K ;  found  1 0*61  per  cent  K 

ParabronimetabromnitrohemocUe  of  Barium  :  (C^H^Br^^Br" 
NgOCOOjjBa+HjO.  Broad  colorless,  shining  neeales,  easily 
soluble  in  water.  Anhydrous  salt  requires  17*45  per  cent  Ba; 
found  17*34  per  cent. 

Parabrominetabroinnitrohemofite  of  Calcium :  (C^HjBr^^Bi* 
NOaCOOlaCa+StVHgO.  Obtained  by  boiling  the  free  acid  with 
either  calcium  hydrate  or  carbonate.  Exceedingly  difficult  to 
obtain  pure.  Occurs  in  red-colored  needles,  almost  insoluble  in 
water.  Tlie  analysis  of  the  anhydrous  salt  gave  5*62  per  cent  Ca; 
required  5*81  per  cent  Ca. 

Parabrommetabrom^nitrobenzoate  of  Magnesium :  (CgH2BrPBr* 
NOj^COOjgMg.      Crystallizes    in    needles    forming    star-shaped 

f roups.     Difficultly  soluble  in  water.     Analysis  gave  3*25  percent 
_Ig;  required  3*59  per  cent. 

Parabrommetabromamidobenzoic  Acid. 

C^H,BrrBr™NH,COOH.    Fusing  point  226''  C. 

Very  easily  obtained  from  the  preceding  acid  by  heating  it 
with  hydrochloric  acid  and  a  calculated  amount  of  tin.  The 
amiding  takes  place  without  any  violent  action.  The  acid  only 
unites  with  bases,  not  with  acids.  Soluble  in  a  large  quantity  of 
water;  readily  soluble  in  a  mixture  of  equal  parts  alcohol  and 
water,  from  which  it  crystallizes  upon  cooling  in  beautiful  flocks 
consisting  of  minute  needles.  The  fusing  point  of  the  acid  is 
225°  C,  considerably  higher  than  that  of  a  similar  acid  obtained  by 
Angertein  (Dissertation,  Gottingen,  1869).  Completely  decom- 
posed when  fused.  A  nitrogen  determination  was  made  of  the 
free  acid.  Required  percentage  of  Nitrogen  =4"'76  per  cent ;  found 
5*08  per  cent  N. 

Parabrommetabromamidobenzoat^  of  Par  turn  :    (CgRgBr^Br^   ~ 
NH2COO)aBa+4HoO.     An  aqueous  solution  of  the  sodium  salt 
was  decomposed  with  barium  chloride,  the  precipitate  filtered  and 
washed.     The  salt,  fovm^  minute  shining  needles,  generally  umtti 
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to  bundles.  Very  soluble  in  water.  Analysis  of  anhydrous  salt 
gave  18'90  per  cent  Ba;  required  18*89  per  cent. 

Parabrotumetahromamidohenzoate  of  Calcium:  (CgH^BrPBr" 
NH2COO)2Ca+44H20.  Obtained  by  decomposing  the  ammo- 
nium salt  with  calcium  chloride.  The  salt  is  tolerably  insoluble 
in  water,  crystallizing  from  it  in  small  reddish-brown  colored 
needles.  Analysis  gave  6*37  per  cent  Ca;  required  6*61  per  cent 
Ca. 

Parahrommetahromamidohenzoate  of  Strontium :  (CgHgBrPBr" 
NH2COO)3jSr+2H20.  Large,  dark-red  colored  needles.  Diffi- 
cultly soluble  in  hot  water.  An  analysis  of  the  anhydrous  salt 
gave  12*55  per  cent  Sr;  required  12*93  per  cent  Sr. 

Parahrommetahromamidohenzoate  of  Copper:  (CgHjBrPBr"' 
NH2COO)2Cu,  From  the  ammonium  salt  by  treating  it  with 
copper  acetate.  Bright  green  in  color;  perfectly  insoluble  in 
water.     Analysis:  9*23  per  cent  Cu  found;  required  6*70  per  cent 

CiL 

Tribbombbnzoio  Acid. 

C6H2Bn»Br°Br?C00H.     Fusing  point  195**  0. 

I  obtained  this  acid  by  converting  the  preceding  bibromamido- 
benzoic  acid,  by  means  of  nitrous  acid,  into  the  corresponding 
diazo-compound  and  then  boiling  this  last  product  with  pure 
concentrated  hydrobromic  acid.  The  pure  acid  obtained  from  the 
barium  salt  after  many  recrystallizations,  presented  the  constant 
fusing  point  196°  C.  The  acid  is  almost  perfectly  insoluble  in 
water.  Very  soluble  in  a  mixture  of  one  part  water  and  two 
parts  of  alcohol,  recrystallizing  out  of  this  in  small  colorless 
needles.     Fuses  with  partial  decomposition. 

Trihromhemoate  of  Lead:  (Ce}i2BrPBr»Br'COO)8Pb.  Ob- 
tained by  precipitating  the  ammonia  salt  with  lead  acetate.  It 
forms  a  white  insoluble  compound.  This  salt  was  taken  in  esti- 
mating the  carbon  and  hydrogen.  Found  17*98  per  cent  carbon, 
and  0*89  per  cent  hydrogen.  Calculated  18*20  per  cent  carbon, 
and  0*43  per  cent  hydrogen. 

The  bromine  was  determined  by  burning  the  pure  acid  wifh 
oxide  of  lime  and  the  calcium  bromide  decomposed  by  silver 
nitrate.  Found  percentage  of  bromine,  66*85  per  cent ;  calculated 
66*48  per  cent. 

Trihromhemoate  of  Barium:  (CgriaBrPBr'"Br?COO)jjBa  + 
SHjO.  Formed  when  the  free  acid  is  boiled  with  barium  carbon- 
ate. The  pure  salt  forms  needles  easily  soluble  in  water.  The 
anhydrous  salt  when  analyzed  gave  15-o3'per  cent  Ba;  calculated 
16  06  per  cent  Ba. 

Parabrommetabromoxybenzoic  Acid. 

CgHjBrPBf^OHyCOOH.    Fusing  point  218"  C. 

An  etherial  solution  of  parabrorametabromamidobenzoic  acid 
was  treated  with  nitrogen  trioxide  until  the  coiTCsponding  diazo- 
compound  formed,  and  being  insoluble  in  ether  fell  out  in  flocculent 
masses.    The  diaaso-compoivM|  perfectly  dry ,  w  a.^  \>o\\^Ql  m\3cL  ^^x^ 
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water — the  OH  group  being  thereby  introduced.  This  acid  is 
difficultly  soluble  in  water.  The  fusing  point  is  218**.  It  crys- 
tallizes in  colorless  needles.  When  fused,  paitial  deoompositioii 
occurs.  A  beautiful  violet  color  is  imparted  to  its  solution,  when 
treated  with  a  few  drops  of  ferric  chloride.  A  combustion  of  the 
acid  gave  29*00  per  cent  carbon  and  1*28  per  cent  hydrogen ;  calca- 
lated  28'38  per  cent  carbon  and  1*35  per  cent  hydrcMzen. 

Parabro7ninetabromoxyhenzoate  of  Sodium:  (CgH,Br*'Br*"Off 
C00Na)+H20.  Obtained  by  boiling  the  barium  salt  with  sodium 
carbonate.  The  salt  is  exceedingly  soluble  .  in  water,  forming 
light  yellow  colored  needles,  frequently  united  to  bundles.  An 
analysis  of  the  anhydrous  ^alt  afforded  7*45  per  centNa;  required 
7*23  per  cent  Na. 

ParabrommetabromoQcyhenzoate  of  Barium:  (C-H^Br^Br^Off 
C00)2Ba.  When  an  aqueous  solution  of  the  acid  is  boiled  with 
barium  carbonate,  this  salt  is  formed.  It  crystallizes  in  red  warty 
masses.  It  is  rather  insoluble  in  water.  I  obtained  by  analysis 
18*80  per  cent  Ba;  required  18*84  per  cent  Ba.  b.  f.  s. 

Philadelphia,  Pa. 

8.  Kinetic  llieory  of  Gases. — M.  Boltzmann,  in  a  communi- 
cation to  the  Vienna  Academy  on  the  nature  of  gas  molecules, 
abandons  the  notion  that  they  behave  like  aggregates  of  material 
points  (the  atoms).  He  considers  that  in  estimating  the  impact 
action  of  the  molecules  we  raav  almost  regard  the  whole  aggre- 
gate which  we  denote  as  an  individual  gas  molecule,  and  which 
may  consist  of  different  substances,  perhaps  even  ether  atoms,  as 
rigid.  It  is  found  that  then  the  ratio  of  the  heat-capacities  of  the 
gas  must  be  If,  when  the  gas-molecules  have  a  ball-form.  The 
ratio  of  the  heat-capacities  will  be  1*4  if  the  molecules  have  the 
form  of  rigid  bodies  of  rotation,  but  which  are  not  balls ;  and  li 
if  they  are  of  any  other  forai  of  rigid  bodies.  These  numbers  at 
least  seem  to  agree  so  far  with  those  found  experimentally,  that 
one  cannot  say  that  experiment  fnniishes  a  contradiction  of  the 
theory  thus  modified.  It  is  further  shown  that  the  values  experi- 
mentally got  for  the  heat-capacity,  under  this  view,  are  in  satis- 
factory agreement  wdth  the  heat-capacities  of  solid  bodies.  Of 
course  the  gas  molecules  cannot  be  absolutely  rigid  bodies ;  thffi 
is  already  disproved  by  spectral  analysis,  but  it  may  be  that  the 
vibrations  producing  gas  spectra  are  merely  brief  sniverings  du^ 
ing  the  shock  of  two  molecules,  comparable  to  the  sound  pe^ 
ceived  on  the  shock  of  two  ivory  balls. — Nature^  xv,  306. 

E.    C.  p. 

9.  Vowel  "  Claug.^'* — M.  Auerbach,  from  researches  on  the 
nature  of  the  vowel  "'clang,"  in  Prof.  Helmholtz's  physical  labora- 
tory, comes  to  the  following  conclusions,  which  appear  to  throw 
new  light  on  some  unsolved  problems: — 1.  All  clang,  especially 
the  vow«^ls  of  the  human  voice  and  speech,  are  to  be  denned  as 
the  consequence  of  the  joint  action  of  two  moments,  a  relative  and 
an  absolute.  2.  The  relative  moment  is  the  mode  of  distribatioa 
of  the  whole  intensily  s^moug  the  individual  partial  tones  as  deter 
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mined  by  their  ordinal  number.  The  absolute  is  the  depeudence 
of  the  whole  intensity  of  the  absolute  pitch  of  the  partial  tones, 
and  the  modification  of  the  distribution,  are  clangs  of  the  funda- 
mental tone  therewith  connected.  3.  The  difference  of  the  vow- 
els in  the  former  relation  is  a  result  of  the  power  of  changing  the 
form  of  the  mouth  cavity.  The  differences  of  the  absolute  pitches 
characterizing  the  various  vowels,  and  of  their  influence,  are  a 
resolt  of  thepower  of  chan^ng  the  volume  and  size  of  the  mouth 
cavity.  4.  Tne  first  partial  tone  is  always  the  strongest  in  clang ; 
it  deserves,  therefore,  the  name  of  fundamental  tone.  5.  The 
intensity  of  the  partial  tones  as  such,  decreases  in  general  as  their 
ordinal  number  mcreases ;  exceptions  indicate  the  nearness  of  the 
boundary  of  the  consonant  re^on.  0.  The  intensity  of  the  partial 
tones  decreases  more  slowly  the  nearer  the  vowel  clang  is,  there- 
fore more  quickly  the  duller  this  is.  7.  The  characteristic  pitch 
IB  higher  the  clearer,  and  deeper  the  duller,  the  vowel  clang.  8. 
The  variations  of  the  intensity,  in  consequence  of  the  influence  of 
the  characteristic  pitch,  are  greater  the  fuller  the  vowel  is.  Very 
alijzht  variations  indicate  the  nearness  of  the  consonant  region.  9. 
All  the  vowels  admit  of  being  sung  within  the  whole  range  of  the 
human  voice ;  but  the  dull  speak  m  very  high,  the  clear  in  very 
deep,  positions.  10.  A  little  attention  only  is  needed  to  perceive 
in  a  vowel  clang  the  over-tones  (often  comparatively  very  strong), 
without  artificial  aids.  Thev  then  sound  verv  similar  to  the  pure 
tnning-fork  tones. — JPogg,  Ann,   Erg.,  viii,  U,  177;  Nature,  xy, 

4r4X*  i£.     \j.     Jr. 

10.  UUra  Red  Spectrum. — M.  E.  Becquebbl  has  studied  the 
invisible  red  rays  of  the  spectrum  by  the  aid  of  phosphorescence. 
Hie  light  is  admitted  into  a  darkened  room  through  two  slits,  so 
that  one  beam  shall  fall  on  a  bisulphide  of  carbon  prism,  and  form 
the  spectrum  which  is  to  be  examined.  The  second  beam  passes 
through  a  prism  of  flint  glass  which  is  so  turned  that  the  ultra 
violet  portion  of  its  spectrum  shall  fiiU  on  the  ultra  red  poi-tion  of 
the  other  spectrum.  *  Tlie  flint  glass  spectrum  is  not  focussed  on 
the  screen,  or  the  slit  is  opened  wide,  so  that  the  ultra  violet  lines 
and  bands  shall  not  be  visible.  These  spectra  are  received  on  a 
plane  surface  covered  with  some  phosphorescent  substance.  The 
phosphorescent  hexagonal  blende  is  best  suited  to  this  purpose,  as 
It  is  strongly  luminous,  though  it  loses  this  effect  more  rapidly 
than  the  sulphides  of  the  alcaline  earths,  but  less  rapidly  than 
carbonate  oi  lime.  Bands  are  then  observed  beyond  A  for  a  dis- 
tance somewhat  greater  than  that  from  A  to  D.  Two  bands  are 
found  near  A  which  M.  Becquerel  has  called  A ,  and  A., ;  then 
follow  a  group  of  four  bands  or  lines  A\  A\,  A\,  A\,  of  which 
the  first  three  are  nearly  equidistant  Tlie  wave  length  of  A'  is 
840,  that  of  A  being  taken  as  761*5.  Beyond  is  a  broad  diffuse 
band  A''  and  near  the  limit  of  vision  is  A'"  a  large  band  with 
well  marked  borders,  especially  on  its  more  refrangible  side.  '^I'he 
wave  lengths  of  its  two  edges  arc  1220  and  1310.  Since  the  light 
of  a  diffraction  spectrum  was  too  small,  the  wave-lengths  were 
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determined  by  interposing  an  apparatus  giving  colored  rings  by 
means  of  thin  layers  of  air.  Attempts  have  been  made,  as  yet 
without  success,  to  form  a  phosphorescent  eye-piece  like  the  fluo- 
rescent eye-piece  of  Mr.  Soret. — Bib.  Univ.^  ccxxviii,  306. 

E.  c.  p. 

11.  Fluorescence. — M.  Lommel,  continuing  his  researches  on 
fluorescence,  arrives  at  the  following  conclusions: — 1.  There  are 
two  kinds  of  fluorescence.  In  one,  each  homogeneous  ray  falling 
within  the  limits  of  the  fluorescence -spectrum  excites  not  only 
rays  of  greater  and  equal,  but  also  waves  of  shorter  wave-length; 
the  latter,  so  far  as  they  belong  to  the  region  in  question.  In  the 
second  kind  each  homogeneous  ray  excites  only  rays  of  greater  or 
equal  wave-length.  2.  There  are  substances  which  have  only  the 
first  kind  of  fluorescence ;  each  excitant  ray  excites  the  whole  fluo- 
rescence spectrum.  Hence  they  are  not  subject  to  Stokes's  law. 
Such  are  napthalin,  red  chlorophyll  and  eosin.  8.  There  are  sab- 
stances  which  have  onlv  the  second  kind  of  fluorescence,  and 
which  therefore  throughout  their  fluorescence  spectrum,  obey 
Stokes's  law.  Such  are  most  of  the  fluorescent  substances  hith- 
erto examined.  4.  There  are  substances  which  have  both  kinds 
of  fluorescence,  so  that  the  first  kind  is  proper  to  a  certain  por 
tion  of  their  fluorescence  spectrum,  and  the  second  kind  proper  to 
their  remaining  parts.  Hence  these  obey  Stokes's  law  only  in 
part.  Such  ar6  clianidelin  red,  blue  and  green. — Pogg.  Ami,^  clix, 
614;  Nature^  xv,  441.  e.  a  P. 

12.  On  the  Efiuilibrium  of  heterogeneous  substances ;  by  J. 
WiLLARD  GiBBs,  of  Yale  College.  141  pp.  8vo. — The  ])aper  on 
this  subject  by  Professor  Gibbs,  published  in  volume  iii.  of  the 
Transactions  of  the  Connecticut  Academy  of  Sciences  (1 876),  re- 
ceived the  following  exposition  by  Professor  J.  Clerk-Maxwell, 
of  Cambridge,  England,  in  his  lecture  on  tl;e  occasion  of  the  recent 
Loan  Exhibition : 

"The  thermodynamicul  problem  of  the  equilibrium  of  heteroge- 
neous substances  was  attacked  by  Kirchhoff*  in  1855,  when  the 
science  was  yet  in  its  infancy,  and  his  method  has  been  lately 
followed  by  C.  Neumann.  But  the  methods  introduced  by  Pro- 
fessor J.  Willard  Gibbs,  of  Yale  College,  Connecticut,  seem  to 
me  to  be  more  likely  than  any  others  to  enable  us,  without  any 
lengthy  calculations,  to  comprehend  the  relations  between  the 
diiferent  physical  and  chemical  states  of  bodies,  and  it  is  to  these 
that  I  now  wish  to  direct  your  attention. 

In  studying  the  properties  of  a  homogeneous  mass  of  fluid,  cod- 
sisting  of  n  component  substances,  Professor  Gibbs  takes  as  his 
principal  function  the  energy  of  the  fluid,  as  depending  on  its  vol- 
ume and  entropy  together  with  the  masses,  m,,  m^  ....  ;;/„  of 
its  n  components,  these  n-(-2  variables  being  regarded  as  indepen- 
dent. Each  of  these  variables  is  such  that  its  value  for  any  mate- 
rial system  is  the  sum  of  its  values  for  the  different  parts  of  the 
system. 
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By  differentiating  the  energy  with  respect  to  each  of  these 
variables  we  obtain  n+2  other  quantities,  each  of  which  has  a 
physical  significance  which  is  related  to  that  of  the  variable  to 
which  it  corresponds. 

Thus,  by  differentiating  with  respect  to  the  volume,  we  obtain 
the  pressure  of  the  fluid  with  its  sign  reversed ;  by  differentiating 
with  respect  to  the  entropy,  we  obtain  the  temperature  on  the 
thermodynamic  scale ;  ana  by  differentiating  with  respect  to  the 
mass  of  any  one  of  the  component  substances,  we  obtain  what 
Professor  (ribbs  calls  the  potential  of  that  substance  in  the  mass 
considered. 

As  this  conception  of  the  potential  of  a  substance  in  a  given 
homogeneous  mass  is  a  new  one,  and  likely  to  become  very  impor- 
tant in  the  theory  of  chemistry,  I  shall  give  Professor  Gibos's 
definition  of  it. 

^  If  to  any  homogeneous  mass  we  suppose  an  infinitesimal  quan- 
tity of  any  substance  added,  the  mass  remaining  homogeneous 
ana  its  entropy  and  volume  remaining  unchanged,  the  increase 
of  the  energy  of  the  mass,  divided  by  the  mass  of  the  substance 
added,  is  the  potential  of  that  substance  in  the  mass  considered.' 

These  n+2  new  quantities,  the  pressure,  the  temperature,  and 
the  N  potentials  of  the  component  substances,  form  a  class  differ- 
ing in  kind  from  the  first  set  of  variables.  They  are  not  quanti- 
ties capable  of  combination  by  addition,  but  denote  the  intensity 
of  certain  physical  properties  of  the  substance.  Thus  the  pressure 
is  the  intensitv  of  the  tendency  of  the  body  to  expand,  the  temper- 
ature is  the  intensity  of  its  tendency  to  part  with  heat ;  and  the 
potential  of  any  component  substance  is  the  intensity  with  which  it 
tends  to  expel  that  substance  from  its  mass. 

We  may  therefore  distinguish  these  two  classes  of  variables  by 
calling  the  volume,  the  entropy,  and  the  component  masses  the 
nKignitudes,  and  the  pressures,  the  temperature,  and  the  poten- 
tials the  intensities  of  the  system. 

The  problem  before  us  may  be  stated  thus : — Given  a  homoge- 
neous mass  in  a  certain  phase,  will  it  remain  in  that  phase,  or  will 
the  whole  or  part  of  it  pass  into  some  other  phase  ? 

The  criterion  of  equilibrium  may  be  expressed  thus  in  Professor 
Gibbs's  words — '  For  the  equilibrmm  of  any  isolated  system  it  is 
necessary  and  snfiicient  that  in  all  possible  variations  of  the  state 
of  the  system  which  do  not  alter  its  energy,  the  variation  of  its 
entropy  shall  either  vanish  or  be  negative. 

*Tne  condition  may  also  be  expressed  by  saying  that  for  all 
possible  variations  of  the  state  of  the  system  which  do  not  alter  its 
entropy,  the  variation  of  its  energy  shall  either  vanish  or  be  posi- 
tive.* 

Professor  Gibbs  has  made  a  most  important  contribution  to 
science  by  giving  us  a  mathematical  expression  for  the  stability  of 
any  given  phase  A  of  matter  with  respect  to  any  other  phase  B. 

If  this  expression  for  the  stability  (which  we  may  denote  by  the 
letter  K)  is  positive,  the  phase  A  will  not  of  itself  pass  into  the 
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phase  B,  bat  if  it  is  negative  the  phase  A  will  of  itself  pass  iDto 
tbephase  B,  unless  prevented  by  passive  resistances. 

nrhe  stability  K  ol  any  given  phase  A  with  respect  to  any  other 
phase  B,  is  expressed  in  the  following  form: 

K=:€-\-vp^rft'^in^  /i,  —  etc  —  m, //, 

where  f  is  the  energy,  v  the  volume, ;;  the  entropy,  and  fn^^m^ 
etc.,  the  components  corresponding  to  the  second  phase  B,  while 
p  is  the  pressure,  t  the  temperature,  and  /i,,  /i^y  etc.,  the  potentials 
corresponding  to  the  given  phase  A.  The  mtensities  therefore 
are  those  belonging  to  the  given  phase  A,  while  the  magnitudes 
are  those  corresponding  to  the  other  phase  B. 

We  may  interpret  this  expression  for  the  stability  by  saying 
that  it  is  measured  bv  the  excess  of  the  energy  in  the  phase  B, 
above  what'  it  would  have  been  if  the  magnitudes  had  increased 
from  zero  to  the  values  corresponding  to  the  phase  B,  while  the 
values  of  the  intensities  were  those  belonging  to  the  phase  A. 

If  the  phase  B  is  in  all  respects  except  that  of  absolute  quan- 
tity of  matter  the  same  as  the  phase  A,  K  is  zero ;  but  when  the 
phase  B  differs  from  the  phase  A,  a  portion  of  the  matter  in  the 
phase  A  will  tend  to  pass  into  the  phase  B  if  K  is  negative,  but 
not  if  it  is  zero  or  positive 

If  the  given  phase  A  of  the  mass  is  such  that  the  value  of  K 
is  positive  or  zero  with  respect  to  every  other  phase  B,  then  the 
phase  A  is  absolutely  stable,  and  will  not  of  itself  pass  into  any 
other  phase. 

If,  however,  K  is  positive  with  respect  to  all  phases  which  differ 
from  the  phase  A  only  by  infinitesimal  variations  of  the  magni- 
tudes, while  for  a  certain  other  phase,  B,  in  which  the  magnitudes 
differ  by  finite  quantities  from  those  of  the  phase  A,  K  is  nega- 
tive, then  the  question  whether  the  mass  will  pass  from  the  phase 
A  to  the  phase  B  will  depend  on  whether  it  can  do  so  without 
any  transportation  of  matter  through  a  finite  distance,  or,  in  other 
words,  on  whether  matter  in  the  phase  B  is  or  is  not  in  contact 
with  the  mass. 

In  this  case  the  phase  A  is  stable  in  itself,  but  is  liable  to  have 
its  stability  destroyed  by  contact  ^ith  the  smallest  portion  of 
matter  in  certain  other  phases. 

Finally,  if  K  can  be  made  negative  by  any  infinitesimal  varia- 
tions of  the  magnitudes  of  the  system  A,  the  mass  will  be  in 
unstable  equilibrium,  and  will  of  itself  pass  into  some  other  phase. 

As  no  such  unstable  phase  can  continue  in  any  finite  mass  for 
any  finite  time,  it  can  never  become  the  subject  of  experiment; 
but  it  is  of  great  importance  in  the  theory  of  chemistry  to  know 
how  these  unstable  phases  are  related  to  those  which  are  rela- 
tively or  absolutely  stable. 

The  absolutely  stable  phases  are  divided  from  the  relatively 
stable  phases  by  a  series  of  pairs  of  coexistent  phases,  for  which 
the  intensities  p^  t,  //,  etc.,  are  equal  and  K  is  zero.  Thus  water 
and  steam  at  the  same  temperature  and  pressure  are  coexistent 
phases. 
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As  one  of  the  two  coeziRtent  phases  is  made  to  vary  in  a  continn- 
ons  manner,  the  other  may  approach  it  and  ultimately  coincide 
with  it  The  phase  in  which  this  coincidence  takes  place  is  called 
the  Critical  Phase. 

The  region  of  absolutely  unstable  phases  is  in  contact  with  that 
of  absolutely  stable  phases  at  the  critical  point.  Hence,  though 
it  may  be  possible  by  preventing  the  body  from  coming  in  contact 
with  certain  substances  to  bring  it  into  a  phase  far  beyond  the 
limits  of  absolute  stability,  this  process  cannot  be  indefinitely 
continued,  for  before  the  substance  can  enter  a  new  reeipn  of 
stability  it  must  pass  out  of  the  region  of  relative  stability  into 
ime  of  absolute  instability,  when  it  will  at  once  break  up  into  a 
system  of  stable  phases. 

Thus  in  water  for  any  ^ven  pressure  there  is  a  corresponding 
temperature  at  which  it  is  in  equilibrium  with  its  vapor,  ana 
beyond  which  it  cannot  be  raised  when  in  contact  with  any  gas. 
But  if^  as  in  the  experiment  of  Dufour,  a  drop  of  water  is  carerally 
freed  from  air  and  entirely  surrounded  by  liquid  which  has  a  high 
boiling  point,  it  may  remain  in  the  liquid  state  at  a  temperature 
tBT  above  the  boiling  point  corresponding  to  the  pressure,  though 
if  it  comes  in  contact  with  the  smallest  portion  of  any  gas  it 
instantly  explodes. 

But  it  is  certain  that  if  the  temperature  were  raised  high  enough 
the  water  would  enter  a  phase  of  absolutely  unstable  equilibrium, 
and  that  it  would  then  explode  without  requiring  the  contact  of 
any  other  substance. 

Water  may  also  be  cooled  below  the  temperature  at  which  it 
generally  freezes,  and  if  the  water  is  surrounded  by  another  liquid 
of  the  same  density  the  pressure  may  also  be  reduced  below  that 
of  the  vapor  of  water  at  that  temperature.  If  the  water  when  in 
this^  phase  is  brought  in  contact  with'  ice  it  will  freeze,  but  if 
brought  in  contact  with  a  gas  it  will  evaporate. 

Professor  Guthrie  has  recently  discovered  a  very  remarkable 
case  of  equilibrium  of  a  liquid  which  may  be  solidified  in  three 
different  ways  by  contact  with  three  different  substances.  This 
is  a  solution  of  chloride  of  calcium  in  water  containing  37  per  cent 
of  the  salt.  This  solution  is  capable  of  solidification  at  —  37°  C, 
when  it  forms  the  solid  cryohydrate  having  the  same  composition 
as  itself.  But  it  may  be  cooled  somewhat  below  this  temperature, 
and  then  if  it  is  touched  with  a  bit  of  ice  it  throws  up  ice,  if  it  is 
touched  with  the  anhydrous  salt  it  throws  down  anhydrous  salt, 
and  if  it  is  touched  with  the  cryohydrate  it  solidifies  into  cryohy- 
drate." 

II.   Geology  and  Mineralogy. 

1.  The  Lcess  of  the  JRhine  and  Danube,  by  Thomas  Belt, 
F.G.S. — Mr.  Belt  discusses  the  characters,  position  and  height  of 
the  loess,  and  the  evidences  in  the  transported  bowlders,  stones 
and  organic  remains  it  contains  in  some  places,  of  its  having 
originated  in  connection  with  the  Glacial  era,  observing  that  ''  no 
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more  Arctic  &nna  is  luown  in  the  basin  of  the  Dannbe  and  the 
Rhine  than  that  of  the  Icbss  ;'*  also  that  ^  along  the  northern  flanks 
of  the  Carpatheans,  the  Scandinavian  drift  rises  to  heights  of  1,000 
to  1,200  feet."  He  adopts  Lyell's  view,  that  the  valley  had  been 
excavated  before  the  deposition  took  place.  Instead  of  holding 
that  the  supply  of  water  from  the  melting  ice  was  sufficient  to 
account  for  the  height  of  the  stream,  he  assumes,  as  in  his  former 
papers,  that  the  ice  accumulating  along  the  coast  and  thus  block- 
ing up  the  drainage  of  the  continents,  dammed  up  the  streams 
about  their  mouths  and  so  caused  lakes.  He  says,  ^'  I  was  first  led 
to  believe  that  the  ice  had  effected  this  [result]  in  studying  the 
glaciation  of  North  America,  and  in  18(56  1  advanced  the  opinion 
that  the  drainage  of  the  St.  Lawrence  had  been  blocked  up  by  the 
ice  moving  down  from  the  north ;  and  that  thus  a  great  inland 
fresh-water  sea  had  been  formed  over  which  icebergs  floated.  He 
says  further  that  during  a  visit  to  North  America  in  1874,  I  fonnd 
many  more  proofs  that  the  drainage  of  the  northeastern  part  of 
the  continent  was  blocked  by  ice  that  flowed  down  the  bed  of  the 
Atlantic  from  the  direction  of  Greenland ;"  and  from  these  and 
other  facts,  came  the  conclusion  that  "the  drainage  of  Europe 
had  been  blocked  up— not  by  Scandinavian  ice,  but  by  that  which 
occupied  the  bed  of  the  Atlantic  and  had  reached  to  our  western 
shores."  Thus  "  the  waters  were  raised  over  which  floated  ice- 
bergs from  the  north  carrying  the  Scandinavian  drift,  and  into 
this  great  lake  the  Danube  and  the  Rhine,  or  the  upper  portions 
of  them  above  its  level,  brought  down  fine  mud  from  tbe  glacier- 
capped  Alps  which  was  deposited  as  Iobss." 

There  is  no  such  damming,  as  far  as  is  known,  about  Greenland, 
the  subglacial  streams  being  large  and  flowing  freely  to  the  wa; 
and  hence  the  practicability  of  damming  the  fresh  waters  in  the 
way  supposed  may  be  doubted.  The  assumed  amount  of  Atlantic 
ice  apj tears  to  be  far  beyond  what  could  have  existed.  The 
article  does  not  give  the  facts  as  to  uniformity  of  level  in  the  Iobss 
along  the  whole  course  of  the  Rhine  needed  to  prove  that  the 
deposits  are  of  lacustrine  origin.  The  facts  about  southern  New 
England  show  that  there  has  been  no  such  damming  by  shore  ice 
as  Mr.  Belt  suggests;  for  they  prove  that  the  height  of  tbe 
terraces  along  the  river-valleys  has  depended  almost  wholly  on 
river-floods,  with  only  such  lakes  as  come  from  damming  by  ice 
or  otherwise  along  their  course.  And  it  seems  altogether  probable 
that  the  height  of  the  Iobss  on  the  Rhine  and  Danube  had  the 
same  origin.  The  change  of  level  proved  for  southern  New  Eng- 
land does  not  exceed  fifteen  feet ;  and  none  w^as  needed  to  produce 
the  occurring  heights  of  the  river-valley  terraces.  j.  d.  d. 

2.  Thickness  of  the  Palmozoic  rocks  of  Centred  Pennsylvania, 
— Mr.  C.  A.  Ashbumer,  of  the  Geological  Survey  of  Pennsylvania, 
has  cai'cfully  measured  a  sec^tion  of  the  rocks  from  the  top  of  the 
Alleghany  River  Coal  Series  down  to  the  Trenton  limestone. 
The  details  are  contained  in  his  Report.  The  aggregate  results 
are  as  follows :  the  Carboniferous  from  the  top  of  the  Mahoning 
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sandstone  in  the  Coal  Measures,  to  what  is  called  the  Upper 
Catskill  or  Pocono  group  (Rogers's  Vespertine,  No.  10)  inclusive, 
at  least  8,777  feet;  Devonian  strata,  7,976  feet;  Oriskany  sand- 
stone (which  is  referred  by  some  to  the  Devonian  and  others  to  the 
Upper  Silurian)  68  feet ;  Upper  Silurian  4,214  feet ;  Hudson  River 
and  Utica  shale  and  Trenton  at  least  2,370  feet — making  in  all 
18,394  feet. 

In  the  section,  the  Pocono  sandstone  has  a  thickness  of  2,133 
feet,  and  is  overlaid  by  the  Mauch  Chunk.  Red  Shale  (Rogers's 
Umbral),  1,100  feet;  the  Pottsville  conglomerate  (Millstone  grit, 
Rogers's  Serfil),  280  feet ;  and  the  Alleghany  River  (or  Lower 
Productive)  Coal  Measures,  264  feet.  The  Devonian  commences 
with  the  Catskill  Red  sandstone  (Rogers's  Ponent),  2,680  feet 
thick,  and  is  underlaid  by  90  feet  of  "  transition  strata"  between 
it  and  the  next  below ;  1 ,860  feet  of  Chemung  shales  ( Vergent) ; 
1,450  feet  Portage  flags  (Vergent);  326  feet  Genesee  slate  (Upper 
Cadent) ;  635  feet  Hamilton  shales  (Cadent) ;  876  feet  Marcellus 
Black  shale  (Lower  Cadent) ;  60  feet  Upper  Helderberg  lime- 
stone (Post-meridian) ;  68  feet  Oriskany  sandstone  (Meridian).  The 
Upper  Silurian  includes  742  of  Lower  Helderberg  beds  (the  upper 
162  feet  limestone);  440  feet  of  Onondaga  marlytes;  1,960  feet 
of  Clinton  shales  and  ore-rocks  (the  ore-rocks  63  feet  thick  and 
including  two  beds  of  ore  12  inches  apart,  the  upper  of  10  inches 
average  thickness  and  the  lower  of  14  inches) ;  1,-^30  feet  of  Me- 
dina sandstone ;  668  of  Oneida  sandstone  (Levant).  The  Lower 
Silurian  includes  Hudson  River  shale  800  feet ;  Utica  shale  1,070 
feet ;  Trenton  limestone  500  feet.  Below  lie  the  Calciferous  and 
Potsdam,  of  unknown  thickness. 

8.  Notes  upon  the  Lower  Helderberg  rocks  of  Port  Jervis^ 
N.  3".;*  by  Dr.  S.  T.  Barrett. — The  subdivisions  and  fossil  con- 
tents of  the  Lower  Helderberg  and  underlying  rocks  near  this  vil- 
lage are  sufficiently  peculiar  to  warrant  their  description.  They 
are  situated  in  the  midst  of  what  has  very  appropriately  been 
called  the  Appalachian  System ;  a  system  of  long  monoclinal 
ridges  fronting  the  Atlantic  and  slo]}ing  backward  with  varying 
dips  toward  the  northwest.  These  monoclinal  ridges  trending 
northeast  and  southwest  are  crossed  more  or  less  oblic^uely  by  a 
secondary  and  compensatory  system  of  flexures  trendmg  nearly 
north  and  south.  The  Lower  and  Upper  Helderberg  strata 
together  constitute,  when  elevated  above  the  drift,  a  low  mono- 
clinal ridge  extending  parallel  with  the  Shawangunk  (pronounced 
Shongum)  Mountain,  at  a  distance  varying  from  less  than  a  mile 
to  three  or  four  miles  northwest  of  the  crest-line  of  that  moun- 
tain. The  transverse  or  secondary  system  of  flexures  cause  the 
Helderberg' Ridge  to  ris'^  and  sink  in  a  succession  of  anticlinal 
and  synclinal  folds,  which  add  very  much  to  the  picturesqueness 
of  the  long  monoclinal  valley  in  which  Port  Jervis  is  situated. 
The  roads  across  this  ridge  are  made  necessarily  in  the  synclinals, 

*  Abridged  bj  the  author  from  a  paper  upon  the  same  subject  in  vol.  xi,  Ann. 
Lye  Nat.  History,  N.  Y. 
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and  the  lime-quarries  are  worked  in  the  southeastern  fronts  of  the 
anticlinals.  This  arrangement  is  further  deversified  by  the  dip ; 
the  ridges  and  valleys  being  narrowest  where  that  is  steepest,  and 
broadest  where  it  is  most  nearly  horizontal.  These  secondary 
flexures  are  very  near  together  here,  three  of  them  occurring  in 
the  space  of  six  miles  lineally  of  the  ridge.  Bennet's  Quarry  is 
the  central  one  of  these,  and  has  been  most  studied  by  the  writer. 
Nearpass'  and  Buckley's  Quarries  lie  south  and  north  of  it  respect- 
ively. The  strata  visible  at  any  quarry  depends  upon  the  extent 
of  the  upheaval,  the  amount  of  talus  at  bottom,  and  of  erosion  at 
the  top. 

There  are  at  Bennet's  Quarry,  beginning  at  the  bottom : 

No.  1.  TentaouUte  Limestone^  Prof.  Oook's  Quairy  Stone;*  makes  the  best  of  lime 
for  building  purposes ;  about  twenty  feet  thick.f 

No.  2.  Favosite  Limestone ;  from  two  to  five  feet  thick. 

No.  3.  Lower  Pentamerus  and  Cherty  Limestone ;  together,  forty  feet  thidc 

No.  4  Delthyris  Shale;  one  hundred  and  twenty  feet  thick. 

No.  5.  Upper  Quarry  Stone ;  ton  feet  thick. 

No.  6.  Upper  Shale ;  one  himdred  and  fifty  feet  thick. 

No.  7.  Tiilobite  Layers;  five  to  ten  feet  thick. 

Nos.  5,  6  and  *!  are  believed  to  belong  to  the  Upper  Pentamerus  sabdivisioa; 
and  are  succeeded  by  rocks  of  the  Oriskany  Sandstone  and  Cauda  Galli  Grit 
formations,  tbe  hAter  exhibiting  a  thickness  of  from  fiye  hundred  to  eight  hun- 
dred feet. 

The  following  fossils  were  very  kindly  identified  for  me  by  Prof 
Hall: 

From  No.  1,  Tentaculate  Limestone;  Tentaculites  gyracanthus^ 
ISplrifer  Vann^emi^  Megambonia  ovoidea^  and  Strophodonta 
vari  striata. 

From  No.  2,  or  Favosite  Limestone,  Fa'oositee  Helderbergi^  a 
Cyathophylluni^  and  Pentamerus  galeattis. 

From  No.  3,  or  Lower  Pentamerus  and  Cherty  Limestones; 
Dalmanites  pleuroptyXy  Pentamerus  galeatus,  and  a  form  of  Lich- 
enalia. 

From  No.  4,  Delthyris  Shale ;  Splrifer  macropleurus,  S.  lamel- 
losiis,  and  many  more  forms  peculiar  to  and  usually  abundant  in 
this  subdivision. 

From  No.  5,  Upper  Quarry  Stone ;  Hhynchofiella  verUricosa  and 
PlatyceroA  retrorsum. 

From  No.  6,  Upper  Shale.  This  subdivision  is  very  sparingly 
fossiliferous. 

From  No.  7,  Trilobite  layers;  Chonetes  complanata^  JRenssdr 
aeria  mutabilis,  ITomalonotUif  Vanuxemi^  DcUmanites  pleuroptt/x^ 
D.  nastUa^  D,  nncruniSyl  D,  dentata,  Hyolithes  centeunialis^ 
iStrophoinena  rhomhoidalis^  S,  Conradl^  Strophodonta  cavumbona^ 
S.  planulata^    S,    Beckii^    *S.    Leavenicorthana^    S.    varistriata, 

*  Geology  of  New  Jersey,  p.  1 59. 

f  The  thickness  of  strata  as  given  in  this  paper,  and  the  names  of  subdivisionfl 
are  different  from  the  original  pape^.  I  think  the  thickness  was  overestimated  in 
my  first. 

X  Described  by  myself  in  this  Journal,  vol.  xi,  p.  200.  Described  by  me  in 
Ann.  Lye.  Nat  Hist.  N.  Y..  voL  xi. 
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\JUb  subearinata^  O,  muUistriata^  Spirifer  arrechu,  Cyrtia  rose- 
So,  Pterinea  textUis,  Discina  discus^  D.  Conradi^  Holopea  anti- 
\^  ZfOxonema  FUchianay  Tentaculites  etongattis^  a  form  allied  to 
micUiSy  a  Beyrichia^  probably  JB,  grantUi/eray  and  some  other 
oies  not  determined. 

have  been  thue  exhaustive  in  the  enumeration  of  the  species 
itained  in  this  subdivision,  because  the  richness  of  its  fauna, 
arated  as  it  is  by  more  than  a  hundred  feet  of  nearly  unfossil- 
x>n8  strata  from  the  true  Delthyris  Shale  below,  and  the  num- 
'  of  species  apparently  unknown  elsewhere,  make  it  one  of  the 
»roalies  in  the  geology  of  the  locality.  The  most  abundant  fos- 
,  and  in  the  order  named,  are  Chottetes  complanata,  Renssel- 
ia  mntabiliSy  and  Dalmanltes  dentata.  The  stony  casts  of  these 
sils  literally  make  up  the  rock. 

The  Favosite  Limestone  *  No.  2,  is  also  peculiar.  It  is  so  full 
large  corals,  prineipailv  Favosite^,  that  it  is  at  first  hard  to 
ieve  it  is  not  the  equivalent  of  the  Coralline  of  Schoharie, 
Kjribed  by  Prof.  Hall  in  his  Palseozoic  Fossils  of  New  York, 
lume  iL  It  occupies,  however,  about  the  position  assigned  by 
it  distinguished  paleontologist  to  the  Stromatopora  limestone, 
is  a  coarse,  brecciated  limestone,  amd  contains,  besides  Favo- 
rs, an  abundance  of  encrinal  fragments  in  an  unrecognizable 
idition,  Chcetetes  Helderbergiay  Pentamerus  galeattiSy  ^tropho- 
nta  punctuliferay  and  other  Delthyris  Shale  fossils.  Favosites 
itderbergia  is  certainly  present,  but  unless  that  species  is  very 
riable,  it  is  not  the  only  form  of  the  genus  so  numerously  rep- 
lented  in  this  layer.  The  most  common  type  resembles  very 
•sely  the  K  ^lagarensis  of  Hall.  Although  this  Favosite 
nestonc  is  very  distinct  from  the  Coralline  of  Schohaiie,  the 
i^ence  of  F,  Jsia^arenBis  in  the  former,  if  it  is  present,  would 
im  to  make  that  fossil  of  little  account  in  determining  the  age 
the  latter  limestone. 

4.    Geological  and  Geographical  Survey  of  the  Territories^  F. 
Hay  DEN,  U.  S.  Geologist-in-charge. — TTie  Survey  has  recently 
ued  a  "  Drainage  Map"  of  Colorado ;  the  primary  triangula- 
•n  by  J.  T.  Gardner  and  A.  D.  Wilson,  the  topography  by  A. 
Wilson,  G.  R.  Bechlkr,  H.  Gannett,  G.  B.  Chittenden,  and 
B.  Ladd.     Also  a  Hypsometric  Map  of  the  United  States,  by 
ENRY  Gannett,  M.E.,  a  map  of  contour  lines,  which  includes  the 
lole  of  the  United  States,  and  gives,  far  better  than  any  map 
therto  published,  the  topography  of  this  part  of  the  continent, 
r.  Gannett,  besides  being  an  engineer  himself,  is  the  author  of 
e  Report,  from  this  Survev,  containing  full  lists  of  all  heights 
at  have  been  determined  in  the  country,  and  he  was  thus  pre- 
yed for  making  this  diagram  of  the  collected  facts.    Such  a  map 
of  course  and  always  will  be  capable  of  improvement.     But  it 
ings  out  well  the  great  features  of  the  mountain  region  west 
the  Mississippi     The  contour  lines  are  those  of  500  and  1,000 
E;t,  and  of  eacn  added  1,000. 

*  Name  suggested  by  Prof.  D.  8.  MartiD,  of  Rutgera  Female  College,  N.  Y. 
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A  new  number  of  the  BuUetin  of  the  Survey  contains  a  paper 
entitled  "  a  (Calendar  of  the  Dakota  Nation" — a  document  of  picto- 
rial hieroglyphics,  comprising  the  chief  events  in  Dakota  history, 
during  the  71  years  following  1799,  with  its  interpretation,  by 
Liettt.-Col.  G.  Mallkby;  also  others— on  the  Ej5kKenm5dding8 
and  graves  of  a  former  population  of  the  coast  of  Oregon,  by  r. 
Schumacher,  with  22  maps  and  plates ;  on  the  Twana  Indians  of 
the  Skokomish  Reservation 'in  Washington  Territory,  by  Rev.  M. 
Eblls  ;  Notes  on  a  Collection  of  Noctuid  Moths,  made  in  Colo- 
rado in  1876  by  Dr.  A.  S.  Packard,  Jr.,  by  A.  R.  Guotb;  on  *the 
Tineina  of  Colorado,  and  on  new  Entomostracans  from  Colorado, 
by  V.  T.  Chambers  ;  on  a  new  Cave  Fauna  in  Utah,  and  descrip- 
tions of  new  Phyllopod  Crustacea  from  the  West  collected  by  Dr. 
T.  Watson  and  Dr.  E.  Coues,  by  Dr.  A.  S.  Packard,  Jr. ;  Notes 
on  some  Artesian  borings  along  the  line  of  the  Union  Pacific  Rail- 
road in  Wyoming  Territory,  by  F.  V.  Haydex. 

These  Artesian  borings,  seven  in  number,  are  located  between 
Rawlins  and  Green  River,  and  were  made  bythe  chief  engineer  of 
the  Pacific  Railroad,  Mr.  T.  E.  Sickles.  The  surface  varies  io 
height  from  6,224  to  7,iOO  feet— the  latter  on  the  "Continental 
divide."  The  beds  passed  through  were  Tertiary  or  Tertiary  and 
Cretaceous,  and  lie  in  a  basin,  very  nearly  horizontal.  No.  1 
counting  from  the  west,  near  Rock  Spnngs,  1,145  feet  deep,  stopped 
at  the  bottom  of  the  Fox  Hill  group  of  the  Cretaceous,  and. 
afforded  a  flow  at  the  surface  of  960  gallons  per  hour,  or  26  feet 
above  it  of  570  gallons  per  hour.  No.  '2,  near  Point  of  Rocks,  1,000 
feet  deep,  stopped  at  the  top  of  the  Fox  Hill  group,  and  afforded 
an  abundant  supply  of  water  at  1 7  feet  from  surface.  N  o.  3,  near 
Bitter  Creek,  690  feet  deep,  descended  into  the  Laramie  group, 
the  upper  part  of  the  Ligiiitic  series,  "and  yields  2,160  gallous 
per  hour,  while  flowing  1,000  gallons  per  hour.  The  most  wes^ 
ern,  just  east  of  Creston,  1,105  feet  deep,  reached  to  the  bottom 
of  the  Cretaceous,  and  yields  2,000  gallons  of  water  per  hour; 
water  ten  feet  from  the  surface." 

5.  Note  on  the  Criticism  of  Prof,  Stevenson  ;  by  A.  C.  Pealb. 
(Communicated). — The  only  point  in  Prof.  Stevenson's  criticism 
of  my  notes  on  the  age  of  the  Uocky  Mountains  in  Colorado,* 
which  requires  an  answer  is  as  follows : 

On  page  29j^  he  says  that  on  page  174  of  my  article  "the  state- 
ment is  made  that  the  Trias  is  present  in  Southwestern  Colorado 
and  Northern  New  Mexico,"  and  that  I  use  its  presence  there  as 
a  strong  proof  of  its  presence  in  the  interior  in  opposition  to  bis 
assertion  that  it  is  absent  in  the  interior.  To  prevent  misappre- 
hension I  wish  to  state  that  the  sentence  on  page  174  of  my  arti- 
cle reads  as  follows:  "In  Southwestern  Colorado  and  Northern 
Kew  Mexico,  the  Triassic  is  also  present."  On  pages  173  and  174 
I  prove  its  presence  in  the  interior  (i.  e.  in  South  Park,  north  and 
west  of  the  Sawatch  Range,  and  in  the  Elk  Mountains).  Hence  I 
do  not  use  its  presence  in  Southwestern  Colorado  and  Northern 
New  Mexico  as  a  proof  of  its  presence  in  the  interior. 
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The  main  points  of  my  article  are  not  touched  by  Prof.  Steven- 
son, except  one,  viz :  in  regard  to  the  Tertiary  elevation  of  the 
Rocky  Mountains,  in  which,  as  he  says,  we  agree.  As  to  his  Car- 
boniferous and  Triassic  upheavals  we  differ. 

It  is  my  intention  to  elaborate  my  views  on  the  subject  in  the 
Report  of  the  Survey  for  1876. 

Washington,  D.  0.,  AprU  18th,  1877. 

6.  American  Falceozoic  JboisUa, — Mr.  S.  A.  Miller  of  (Cincin- 
nati, Ohio,  proposes  to  publish  a  catalogue  of  the  species  of  Amer- 
ican PalflBOzoic  fossils  arranged  under  each  class  in  alphabetical 
order,  giving  name  of  author,  date  and  place  of  publication,  strat- 
igraphical  position,  and  etymology  of  words.  The  prospectus 
states  that  the  volume  will  contain  about  275  pages,  and  will  be 
ready  for  sale  bv  the  1st  of  June  next.  Price,  bound  in  cloth, 
$8.00.  Mr.  Miller  should  be  addressed  at  No.  8  W.  dd  street, 
Cincinnati,  Ohio. 

7.  PcUcBontographica.  Beitrdge  zur  Naturgeschichie  dei*  Vor- 
2eUy  herausgegebejt  von  W.  Dunker  ^of  Marburg)  und  K.  A.  Zrr- 
TEii  (of  Munich). — ^It  is  proposed  to  issue  the  PalsBontograpbica 
hereafter  annually  in  volumes  like  the  earlier,  at  a  price  not 
exceeding  46  shillings  (English)  per  year,  payable  at  the  begin- 
ning of  each  yeai'by  Post  OflSce  order.  The  editors  will  have  the 
assistance  of  W.  Bknecke,  E.  Beyrich,  M.  Neumayr,  F.  Homer, 

*  and  K.  von  Seebach,  as  a  committee  of  the  German  Geological 
Society.  The  20  volumes  of  the  first  series,  and  1  to  3  of  the  sec- 
ond, may  now  be  had  at  60  per  cent  deduction  from  the  original 
prices,  if  applied  for  at  once.  The  publisher  is  Theodore  Fit^ber 
of  Cassel,  Prussia. 

8.  Analyses  of  Japanese  Porcelain-rocks^  by  Henry  Wurtz. — 
The  paper  upon  porcelains  and  porcelain-rocks  from  Japan, 
by  Mr.  Wurtz,  was  noticed  in  the  last  number  of  this  Journal 
(p.  320).  The  following  are  some  of  the  analyses  contained  in 
the  paper: — Analysis  (1)  is  of  a  vanety  which  has  the  native 
name  Tsuji-chuchi  y  it  is  one  of  the  most  valuable  of  the  porcelain- 
rocks  found  at  Idzumiyama.  It  is  a  dull- white,  porous,  granular, 
coherent  mass,  not  unlike  coarse  chalk  in  appearance,  though 
much  tougher.  It  adheres  to  the  tongne,  with  a  chalky  taste. 
Several  other  varieties  of  somewhat  different  appearance,  and 
employed  in  different  ways  in  the  manufacture  of  the  porcelain, 
gave  very  nearly  the  same  composition.  This  is  shown  in  the 
analysis  f2)  of  the  variety  Shiro-chuchL 

The  only  one  which  varies  widely  from  these  in  chemical  char- 
acter is  the  kind  called  Kudaru-yama-chuchi,  and  for  which  Mr. 
Wurtz  coins  the  English  name,  Kudai*uyaniite,  Analysis  (3) 
below  gives  its  composition  (G.=2*653),  and  (4)  the  same  alter  the 
deduction  of  the  opal-silica  present.  It  is  a  pure  white,  soft,  chalk- 
like substance,  witn  slightly  unctuous  feel;  under  a  magnifier  it 
appears  to  be  made  up  of  small,  amorphous,  transparent  grains. 
In  water  it  falls  to  powder  immediately. 
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9.  On  the  JBermannolite  of  Sh^pardy  and  on  the  Satnarekite  of 
North  Carolina ;  by  Prof.  Delafontainb.  (Letter  to  J.  D.  Dana, 
dated  Chicago,  March  28,  1877.)  — I  have  recently  made  an  exam- 
ination of  some  tantaliferous  minerals  of  the  United  States,  a  brief 
account  of  which  I  offer  now.  Prof.  Shepard  sent  me  last  sum- 
mer a  sample  of  his  hermannoliU^  in  which  I  was  able  to  find 
only  a  large  proportion  of  niobio  acid,  about  16  per  cent  of  tantsr 
lie  acid,  and  very  doubtfully  a  little  titanic  acid.  In  one  of  his 
notes  on  this  subject  Pro!  Shepard  insists  upon  the  difference  in 
specific  gravity  between  hermaunolite  and  the  niobite  (columbite) 
from  Brainard^s.  Two  facts  account  for  that :  Brainard's  niobite 
contains  over  37  per  cent  of  tantalic  acid,  as  I  ascertained  from 
specimens  kindly  given  to  me  by  Mr.  C.  U.  Shepard  himself; 
furthermore,  the  crystals  of  hermannolite  contain  some  foreign  sub- 
stance in  the  form  of  yellowish  crystals,  which  I  oould  not  sepa- 
rate from  the  mass  they  were  imbedded  in. 

In  the  Portland  and  Middletown  (Conn.)  columbites  I  found 
respectively  22*6  and  20  per  cent  of  tantalic  acid.  A  careful 
examination  of  the  samarskite  from  Mitchell  County  (N.  C.)  has 
shown  me  that  the  brownish  variety,  with  a  less  conchoidal 
fracture,  looking  somewhat  like  euxenite,  contains  about  25  per 
cent  of  tantalic  acidy  a  small  percentage  of  thorla  and  of  didy- 
miuniy  in  addition  to  the  elements  found  by  Hunt  in  1852.  The 
yttria  includes  also  a  little  of  the  rosy  earth  with  absorption 
spectrum,  called  erbia  by  Bunsen,  Cleve  and  others,  and  more  of 
tne  yellow  earth  described  by  Mosander  under  the  name  of  erbia^ 
but  which,  in  order  to  avoid  confusion,  I  call  terbia  (giving  up 
the  name  mosandria  which  I  proposed  three  years  ago).  The 
existence  of  that  base  is  still  denied  by  Bunsen  and  Uleve,  bat 
their  conclusions  I  am  further  than  ever  from  accepting.  A  mon- 
ograph of  its  principal  compounds  will  soon  be  published.  All 
my  endeavors  to  find  Mr.  Hermann's  ilmenium  in  samarskite  have 
proved  unsuccessful  as  well  as  those  of  Marignac  and  Blomstrand, 
working  on  other  material. 

[The  account  by  Prof,  Shepard  states  that  the  hermannolite  was 
found  at  a  locality  near  the  bouse  of  Mr.  Cook  (a  dealer  in  min- 
erals) ;  but  Mr.  Cook  informs  us  that  there  is  no  such  locahtv, 
and  that  it  must  have  come  from  the  columbite  locality,  a  mile 
distant  from  it. — Eds. J 
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1.  On  High-handed  and  Left-handed  Relationa  in  Space, — 
The  following  is  extracted  from  J.  Clerk-MaxwelPs  tVeatise  on 
Electricity  and  Magnetism,  i,  p.  23.  "  In  this  treatise,  the  mo- 
tions of  translation  along  any  axis,  and  of  rotation  aroand  that 
axis,  will  be  assumed  to  be  of  the  same  sign,  when  their  directions 
correspond  to  those  of  an  ordinary  or  right-handed  screw."  "  The 
combined  action  of  the  muscles  of  the  arm  when  we  turn  the  upper 
side  of  the  right  hand  outward,  and  at  the  same  time  thrust  the 
hand  forward,  will  impress  the  right-handed  screw  motion  on  the 
memory  more  firmly  than  any  yerSal  definition.  A  common  cork- 
screw may  be  used  as  a  material  symbol  of  the  same  relation." 
"This  is  the  right-handed  system  which  is  adopted  in  Thomson  and 
Tait*8  Ndtur^  Philosophy^  §  243.  The  opposite,  or  left-handed 
system,  is  adopted  in  Hamilton  and  Tait's  Quaternions^ 

It  appears,  therefore,  that  the  view  which  **  A.  Gray,  Darwin, 
and  Bentham"  are  blamed  for  taking,  is  regarded  as  the  natural 
one  by  Clerk  Maxwell,  Thomson,  etc.,  among  the  mathematicians 
and  physicists.  ^  For  avoiding  ambiguity,  "  Prof.  W.  H.  Miller  has 
suggested  to  me  that,  as  the  tendrils  of  the  vine  are  right-handed 
screws,  and  those  of  the  hop  left-handed,  the  two  systems  of  rela- 
tions in  space  might  be  called  those  of  the  vine  and  hop  respect- 
ively," Maxwell,  1.  c.  This  botanical  illustration  is  readily 
understood,  but  is  not  altogether  a  happy  one.  By  "  the  vine," 
everywhere  out  of  the  United  States,  the  grape-vine  (as  we  call  it) 
is  meant.  Now  the  vine-tendril  hardly  coils  except  when  it  has 
laid  held,  and  then,  when  half  the  coil  is  in  one  direction  the 
other  is  necessarily  in  the  reverse.  And  the  hop  has  no  tendrils : 
the  meaning  is  that  its  stem  in  climbing  moves  from  right  to  left^ 
i  e.,  of  the  outside  observer;  while  in  the  larger  number  of 
climbers  (of  which  Bindweed,  ConvolviduSy  etc.,  is  the  better 
type)  the  movement  is  in  the  opposite  direction.  But  the  terms 
'*  hop-system  and  vine-system"  are  obviously  impracticable  in  de- 
scriptive botany.  **  With  the  sun"  and  "  against  the  sun"— the 
terms  which  Darwin  commonly  uses— might  perhaps  he  made 
manageable  in  botanical  description ;  but  the  term  heliotropic  is 
used  in  a  different  sense  and  connection,  and  anti-heliotropic  for 
the  counterpart  is  too  long  and  awkward  a  word,  Eutropic  and 
antitropic  might  serve  the  purpose,  and  if  agreed  upon  would  do 
away  with  the  ambiguity  of  the  tei-ras  right  and  left,  as  affected 
by  the  position  of  the  observer,  whether  within  or  without  the 
circle  or  coil.  Thus,  in  saying  that  the  hop  in  twining  "  follows 
the  course  of  the  sun,"  it  matters  not  whether  the  coil  and  the 
apparent  path  of  the  sun  be  regarded  from  the  outside  or  from 
the  inside.  a.  g. 

2.  Observations  sur  Venroulement  des  VriUes,  par  M.  Casimib 
DbCandolle.  Extr.  Archiv.  des  Sciences  de  la  Bibliot^que 
Universelle.  Jan.,  1877.  pp.  13. — The  double  turn  of  the  helix 
in  attached  tendrils  excited  the  author's  attention,  but  be  ^iid&^«& 
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would  be  expected,  that  this  is  a  purely  mechanical  result  and  a 
necessity  of  the  situation.     He  neatly  demonstrates  this,  by  allow- 
ing a  tendril  to  seize  by  its  free  tip  some  solid  object  suspended 
from  a  thread,  the  torsion  which  takes  the  place  of  the  inverse 
turns  of  the  coil  in  the  ordinary  situation.     The  lower  side  of  the 
tendril  is  always  interior  in   the  coil.      This  comes  from  the 
arrangement  of  its  fibrous  bundles,  which  form  a  circle  only  at 
the  base  of  the  tendril,  but  above  this  only  an  arc,  open  on  the 
upper  side;    this   upper  cellular  portion    is    accordingly   more 
affected  by  turgesc*.ence  and   can  grow  longer  than  the  lower. 
Tendrils  which  remain  free  are  less  vigorous  than  those  which 
sain  attachment ;  vigor,  as  well  as  increased  ^owth  in  thickness, 
18  developed  by  use.     The  difference  in  the  direction  of  the  coil- 
ing, whether  i'rom  right  to  left  or  left  to  right  (or  as  we  should 
like  to  sa^,  whether  eutropic  or  antitropic)  does  not  depend  upon 
anything  in  their  anatomical  structure,  but  appears  to  be  in  some 
way  determined  by  the  plant.     A  series  of  experiments  with  de- 
tached tendrils  floated  on  water,  or  with  the  cut  end  immersed, 
and  with  tendrils  divided  into  pieces  (which  preserve  their  vital- 
ity and  continue  their  action)  snow  this;  when  fixed  by  one  end 
and  free  at  the  other,  or  at  least  when  fixed  by  the  summit  only, 
they  coil  nearly  as   often   in   one  direction  as  the  other.     The 
elongation  of  the  different  portions  of  a  tendril  ceases  first  at  the 
base ;  it  regularly  augments  from  base  to  apex.  a.  g. 

3.  Date  of  the  parts  of  EUiotfs  Botany, — Referring  to  our 
note  in  the  January  No.  of  this  Journal,  it  is  worth  recording 
that  the  first  fasciculus  actually  ended,  as  was  supposed,  on  p.  96. 
No.  5  consisted  of  pages  401  to  496,  and  bears  the  date  of  1817. 
No.  6  contained  pages  497  to  (506,  and  is  dated  1821.  This  in- 
formation is  obtained  from  the  inspection  of  copies  of  those  parts 
in  their  original  state,  and  is  obligingly  supplied  by  Mr.  F.  B. 
Dexter,  of  the  Yale  College  Library.  a.  g. 

4.  Union- Smnt^  by  Prof.  W.  G.  Farlow. — A  pamphlet  of  15 
pages,  with  a  plate,  extracted  from  the  24th  Annual  Report  of  the 
Secretary  of  the  iViassachusetts  State  Board  of  Agriculture,  Bos- 
ton, 1877.— The  smut  in  question  is  as  yet  unknown  out  of  New 
England,  and  there  it  has  not  long  been  known ;  but  of  late  it 
has  done  much  damage  to  the  onion-crop  at  Wethersfield,  Conn., 
and  in  Essex  Co.,  Mass.  The  fungus  proves  to  be  a  peculiar  spe- 
cies of  the  Vstilaginece^  to  which  that  of  Indian  Com  ( UJstilago 
Mayidis)  and  of  Rye,  etc.,  belong.  This  onion-smut  is  most  lie 
that  of  Rye,  Urocystis  occvKa^  and  a  figure  of  an  affected  rye-stalk 
is  given  in  this  paper  along  with  that  of  the  onion.  The  fungus 
of  the  latter  was  named,  by  Mr.  Frost  of  Brattleboro,  UrocystU 
CepulcB  ;  but  it  is  now  for  the  first  time  described  and  illustrated 
by  Prof.  Farlow.  The  subject  had,  however,  been  taken  up  bv 
"the  microscopist  of  the  Agricultural  Department  at  Washington,^ 
in  the  Report  of  1872;  but  Prof.  Farlow  intimates — what  we 
should  have  expected — that  the  account  and  figures  there  given 
throw  no  light  upon  the  matter.  The  remedy  suggested  is  to  burn 
over  the  fields  w  nere  tbe  «m\v\,  b2^«  a^^eared,  and  not  to  raise  onions 
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upon  it  again  for  three  or  four  years  at  least.     The  smut  is  thought 
unlikely  to  be  conveyed  or  introduced  with  onion*seed.         a.  g. 

6.  BotaniccU  Instruction  at  Harvard  University, — In  the 
course  of  summer  instruction  in  science  for  J  877  (which  com- 
mences July  6)  both  botanical  courses  are  to  be  given  at 
Cambridge.  Formerly,  while  Prof  Goodale's  instruction  in 
Phsnogamic  Botany  was  ^ven  at  the  Botanic  Garden,  that  on 
Cryptogamic  Botany,  by  Prof.  Farlow,  was  given  at  the  sea-side. 
This  is  now  to  be  given  at  Cambridge,  whence  collecting  excur- 
sions can  readily  be  made  to  good  points  on  the  shore.  As  it 
may  be  useful  to  call  particular  attention  to  this  unique  oppor- 
tunity of  obtaining  a  knowledge  of  the  lower  Cryptogamia,  we 
copy  the  portion  of  the  general  circular  which  relates  to  Prof. 
Farlow's  course.  Prof  Goodale's  course  on  PhsBnogamic  Botany 
is. already  well  known.  But  those  who  seek  information  respecting 
it  should  apply  for  the  circular  issued  by  the  University. 

"  Cryptogamic  JBotany,  "ITie  course  will  begin  on  Friday 
morning,  July  6th,  and  continue  six  weeks.  Microscopes  and  all 
necessary  equipments  are  provided  by  the  University,  but  stu- 
dents are  expected  to  bring  sharp  razors,  razor  strops,  dissecting 
needles,  slides,  and  covering-glasses.  No  provision,  however,  is 
made  for  drying  and  preparing  specimens  other  than  microscopic. 
A  knowledge  of  the  rudiments  oi  Pheenogamic  Botany  is  required 
of  those  taking  this  course,  or  in  case  of  those  wishing  to  pursue 
the  subject  in  connection  with  Zoological  studies,  a  practical  ac- 
quaintance with  the  working  of  the  compound  microscope.  A 
feneral  course  of  lectures  will  be  given  upon  the  structure  and 
evelopment  of  Thallogens,  and  on  one  day  of  the  week  an  excur- 
sion will  be  made  either  into  the  country  or  to  the  sea-shore. 

Laboratory  instruction  will  be  given  every  day  except  Satur- 
day, and  the  method  of  examining  Fungi  and  AlgsB  and  the  man- 
ner of  making  microscopic  preparations  will  be  taught.  Illustra- 
tions of  the  structure,  and,  as  far  as  time  will  allow,  of  the 
development  of  the  principal  orders  of  Fungi  and  Algse  will  be 
afforded  each  student,  and  an  opportunity  willbe  given  to  became 
familiar  with  the  more  common  moulds,  blights,  and  with  a  few 
agarics.  Students  who  have  attended  a  previous  course  can  pur- 
sue more  in  detail  any  branch  of  the  subject  they  may  prefer. 
Under  certain  restrictions,  students  may  consult  the  extensive 
cryptoffamic  collections  and  library  of  the  University." 

We  believe  that  the  announcement  may  now  be  made  that  Prof 
Farlow's  instruction  in  Cryptogamic  Botany  in  the  University 
proper,  will  hereafter  be  given  at  Cambridge,  instead  of  at  the 
Bussey  Institution  at  Jamaica  Plain,  a  change  greatly  to  the 
convenience  and  advantage  of  the  students  which  this  important 
course  of  study  is  likely  to  attract.  Dr.  Farlow  was  a  pupil  of 
De  Bary  and  of  the  late  M.  Thuret  With  the  facilities  now 
afforded,  he  should  establish  the  school  of  Cryptogamic  Botany 
in  this  country  which  has  long  been  needed. 

At  the  Bussey  Institution  it  is  expected  that  a  very  full  elemen- 
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tary  course  of  instruction  on  Botany  and  Vegetable  Physiology,  in 
relation  to  rural  affairs,  horticulture,  agriculture,  etc.,  iviU  be  given 
throughout  the  year,  by  lectures  and  laboratory-teaching.  This 
course  will  be  conducted  by  Profs.  Goodale,  Farlow,  and  others. 

6.  Classification  and  Termitwlogy  in  Monocotyledons^  by 
Geobge  Bentham. — A  paper  of  30  pages,  and  with  three  plates, 
closing  the  15th  volume  of  the  Journal  of  the  Linnean  Society, 
1877.  An  arrangement  of  the  orders  is  sketched,  which,  being 
employed  in  the  Flora  Anstraliensis^  will  doubtless  be  adopted  in 
the  new  Genera  Mantarum,  unless  in  the  mean  while  reason 
appears  for  modifying  it.  They  are  grouped  in  four  alliances,  or 
cohorts,  beginning  with  those  bearing  the  most  complete  and  dif- 
ferentiated flowers,  thus :  Alliance  1,  EpioYXiE,  with  inferior  ovary 
and  mostly  biseriate  perianth.  The  four  sections  are  based  upon 
habit  and  the  seeds,  in  which  rather  more  than  usual  rests  upon 
the  presence  or  absence  of  albumen.  Hydrocharidem^  aquatic 
plants,  with  regular  flowers  and  exalbuminous  seeds,  begin  the 
series.  The  Scitaminece,  which  follow,  by  an  awkward  misprint 
or  slip,  are  said  to  have  ea;-albuminous  seeds.  As  they  really 
accord  in  this  regard  with  the  fourth  and  larger  section  which 
begins  with  the  Iridece  and  ends  with  the  BromeliacecB^  they 
might  as  well  be  placed  after  the  third  section,  which  consists  of 
the  OrchidecB  and  BurmanniaceoB. 

Alliance  2,  Cokonari^,  with  superior  mostly  syncarpous  ovary, 
albuminous  seeds  and  mostly  biseriate  perianth.  Its  hrst  section, 
with  perianth  of  both  series  petaloid  [a  character  not  without 
exception],  consists  of  the  Liliacece  and  their  allies,  down  to  the 
PontederiacecB,  In  the  list  of  suborders  of  Liliacece  "Agavese" 
has  by  accident  been  printed  instead  of  Aloinece.  A  second  group 
has  the  outer  perianth  calycine  or  none,  and  the  inner  petaloid; 
Philydracece,  Xyridece,  Commdynacece  (but  not  Trillium).  The 
third  group  has  perianth  of  both  series  calycine,  and  includes  the 
Junceod  and  Palmoe, 

Alliance  3,  Nudiplor^,  with  free  ovary  apocarpous,  monocar- 
pellary,  or  rarely  syncarpous ;  the  perianth  eitner  none  or  reduced 
to  a  scale  under  each  anther.  Alismaceoe  are  exceptional;  but 
their  association  with  Aroidece  and  Naiada^eoB  seems  natural. 

Alliance  4,  Glumales,  contains  two  groups ;  the  first  with  ovary 
often  more  than  one-celled,  and  ovule  pendulous;  E}riocaulone(B^ 
Centrolepidece^  Hestiaceos,  The  second,  with  one-celled  ovary  and 
erect  ovule,  Cyperacece,  Graminece.  The  schedule  is  followed 
by  a  series  of  critical  remarks  and  explanations. 

The  homology  of  the  parts  of  the  blossom  in  Xyris  is  reviewed, 
and  better  interpreted ;  the  two  outer  so-called  perianth-seg- 
ments are  shown  to  be  bractlets ;  what  was  taken  for  a  third  seg- 
ment, within  the  two  outer,  is  shown  to  be  the  representative  of 
the  whole  exterior  perianth,  mostly  caducous;  as  to  the  remain- 
ing or  tubular  perianth  no  conflict  has  arisen. 

The  chief  interest  of  the  latter  part  of  this  paper  is  found  in  the  ex- 
position of  the  homology  and  terminology  of  glumes,  etc.,  in  Cype- 
raceoB  and  Graminece^ — «l  juftl  BLe^oxmXoI^hich  can  hardly  be  given 
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in  a  brief  abstract.  Mr.  Bentham  prefers  to  ase  the  term  glume 
Id  Cyperacem  as  well  as  in  Grasses.  While  highly  approving  the 
systematic  labors  of  Boeckeler,  of  Berlin,  in  the  former  order,  he 
criticises  some  parts  of  his  terminology  and  morphology.  Mr. 
Bentham's  own  conclusions  correspond  with  those  adopted  in  this 
country  as  to  the  structure  in  Cyperacem,  As  to  Gramineoe  our 
prepossessions  were  all  in  favor  of  Robert  Brown's  view,  adopted 
oy  Eunth  and  most  agrostologists,  so  that  little  attention  was 
paid  to  the  view  proposed  in  our  author's  Handbook  of  the  Brit- 
ish Flora.  We  have  not  room  here  to  exhibit  the  proposed  view 
and  the  aptly-stated  reasons  for  its  adoption.  Suffice  it  to  say  that 
we  are  convinced  by  the  latter,  and  that  the  adoption  of  this  view 
will  simplify  the  study  of  Grasses,  and  bring  the  homology  of  the 
gramineous  spikelet  into  full  accordance  with  that  of  Cyperaceoe  and 
other  orders.  The  exposition  given  is  certainly  well  calculated 
**  to  enforce  a  principle  generally  admitted,  but  unfortunately  too 
much  neglected  by  speculative  botanists,  viz:  that  to  be  really 
useful,  descriptions  should,  in  clear  and  intelligible  language,  not 
only  enable  the  reader  to  identify  the  plant  he  has  in  hand,  but 
call  his  attention  specially  to  those  characters  which  may  indicate 
its  real  affinities,  the  homologies  of  its  parts,  and  any  other  rela- 
tions they  may  have.  But  for  this  purpose  it  is  necessary  that 
the  author  should  distinguish  descriptions  of  plants  from  theoreti- 
cal explanations,  that  he  should,  in  terms  the  most  capable  of 
strict  definition,  describe  only  what  the  observer  may  actually  see, 
not  what  it  may  be  theoretically  imagined  he  ought  to  see,  reserv- 
ing his  theories  for  comments  upon  what  has  actually  been 
observed."  a.  g. 

7.  The  Various  Contrivances  by  which  Orchids  are  fertilized  by 
Insects ;  by  Ch4BLBS  Darwin.  Second  edition.  New  York. — 
The  first  edition  of  this  interesting  work,  which  appeared  in  1862, 
was  reviewed  at  that  time  in  this  Journal,  and  served  as  the  basb 
upon  which  to  display  the  curious  adaptations  of  some  of  our 
North  American  Orchises.  This  second  edition,  to  which  much 
is  added,  has  been  reprinted  by  D.  Appleton  &  Co.  of  New  York, 
and  so  our  botanists  will  soon  be  familiar  with  it.  In  a  future 
number  we  propose  to  give  some  account  of  the  volume,  along 
with  a  forthcoming  one  upon  a  cognate  subject  by  the  same 
author.  x,  g. 

IV.  Astronomy. 

1.  I7he  Neif)  Star  in  Cygnus, — A  remarkable  stellar  outburst, 
similar  to  that  which  appeared  in  Corona  Borealis  in  May,  1866, 
was  first  noticed  by  Dr.  Schmidt,  at  Athens,  on  the  24th  of  No- 
vember last,  at  5.41  p.  m.,  in  the  constellation  Cygnus,  then  near 
the  zenith.  The  new  star,  when  first  observed,  was  of  the  thii-d 
magnitude,  and  of  a  yellow  color,  near  p  Cygni^  where  Dr. 
Schmidt  is  sure  that  no  corresponding  object  existed  on  the  even- 
ing of  November  20.  The  sky  was  overcast  at  Athens  on  the 
three  following  days,  and  most  probably  the  outburst  appeared  at 
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its  full  brilliancy  in  the  interval  between  November  20  and  24. 
At  midnight  on  the  latter  day  the  light  of  the  star  was  of  greater 
intensity  than  that  of ;;  Pegatti^  noted  of  the  third  magnitude  by 
Argelander.  Its  position  does  not  appear  to  be  recorded  in  the 
usual  catalogues  of  small  stars ;  certainly  not  in  those  of  Lalande, 
Weisse's  Bessel,  Bode,  D'Agelet,  or  in  the  Durchmusternng  of 
Argelander.  From  an  observation  made  by  Mr.  Hind  at  Mr. 
Bishop's  Observatory  on  December  13,  its  K.A.  for  1876*0  is  21^ 
36°^  50»-41,  and  its  N.P.D.  47°  43'  2l"-6. 

Unfortunately,  Dr.  Schmidt's  discovery  wa«  not  immediately 
communicated  to  the  Astronomer-Royal  or  to  any  other  English 
astronomer,  although  a  telegram  was  sent  to  t>r,  Littrow,  at 
Vienna,  and  probaoly  to  other  Continental  observers.  The  first 
information  of  the  sudden  appearance  of  the  new  star  was  received 
in  England  only  in  the  second  week  in  December,  from  the 
public  notices  inserted  in  the  Bulletin  International  and  Comptea 
Rendus.  This  neglect  is  much  to  be  regretted,  as  there  were 
eight  favorable  evenings  at  Greenwich  before  December  9,  when 
spectroscopic  observations  might  have  been  successfully  made, 
and  of  these  at  least  two  were  near  the  time  of  the  star's  maxi- 
mum brilliancy.  Principally  for  this  reason,  but  also  in  conse- 
quence of  almost  continuous  unfavorable  weather  afterward,  very 
few  observations  of  the  star  have  been  made  in  this  country. 
When  seen  by  Mr.  Hind  on  December  13,  it  had  'receded  to  the 
sixth  magnitude,  and  was  without  a  trace  of  color.  The  observers 
in  Paris  were  more  fortunate  in  obtaining  information,  for  the  star 
was  examined  on  December  2,  during  a  brief  interval  of  clear  sky, 
by  MM.  Henry,  Oornu,  and  Cazin,  and  estimated  of  the  fifth  mag- 
nitude. Under  more  favorable  circumstances,  on  December  4,  M. 
Comu  made  some  satisfactory  observations  of  the  spectrum  of  the 
star  with  the  eastern  equatoreal  of  the  Paris  Observatory,  the 
magnitude  on  that  day  being  estimated  at  4*5.  The  spectrum  ex- 
hibited eight  detached  bright  lines  on  a  luminous  ground,  with  an 
almost  complete  interruption  of  the  light  between  the  green  and 
the  indigo  M.  Comu  saw  no  dark  lines;  if  they  had  existed  they 
must  have  been  very  fine,  and  invisible  owing  to  the  iaintness  of 
the  light. 

Naming  the  bright  lines  according  to  their  intensity  by  the 
Greek  letters  ex  to  o^  their  positions  in  the  spectrum,  in  relation  to 
those  of  certain  elements,  may  be  readily  seen  from  the  numbers 
in  the  following  table  determined  by  M.  Cornu : — 

a  6  y  p  ^  ff  d  c 

Observed 661  688         631         617         500        483         461        435 

Hydrogen 656(C) 486(F)  ...        434 

Sodium 589(D)... 

Magnesium 517 

{b  mean) 

Coronal  line 632 

Chromosphere  lines  ...  587         447 

M.  Comu  remarks  as  an  interesting  fact,  but  one  requiring  con- 
firmation, that  there  are  several  coincidences  shown  in  the  preced- 
iDg  table  which  bave  \e&.  \i\m  \iO  \>bA  oouclusioo  that  the  bright 
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in  the  stai^spectram  correspond  exclusivelv  with  the  princi- 
nes  in  that  of  the  chromosphere,  and  therefore  that  the  light 
e  star  possesses  precisely  the  same  composition  as  that  of  the 

envelope.  lie  says :  "  But  the  most  carious  result,  which  I 
here  with  much  reserve,  but  which  it  will  he  very  interesting 
wards  to  verify,  is  the  coincidence  of  the  line  ^,  very  bright 
e  spectrum  of  the  star,  with  the  green  line  A^  582  (1474  of 
ihoff's  scale),  observed  in  the  spectrum  of  the  Solar  corona 
n  the  chromosphere ;  the  feeble  oand  0  corresponds  also  with 
id  A  =447  of  the  chromosphere;  one  is  thus  led  to  think  that 
Lne  C  corresponds  rather  with  the  briijht  line  of  the  chromo- 
■e  A  =  587  (helium),  than  with  that  of  sodium,  589.  If  this 
pretation  be  correct,  the  bright  lines  of  the  spectrum  of  the 
i;omprehend  exclusivelv  the  orightest  and  the  most  frequent 
of  the  chromosphere." 

e  spectrum  of  the  star  has  also  been  examined  by  Father 
li.  Dr.  Vogel.  and  others,  all  of  whom  confirm  generally  the 
ous  observations  of  M.  ComiL  Several  bright  lines  were 
by  Dr.  Vogel  in  the  red,  blue-green,  and  blue  parts  of  the 
rum ;  bright  bands  were  also  visible  in  the  yellow  and  green ; 
hese  may  possibly  be  portions  of  a  continuous  spectrum  «een 
It  by  contrast  with  absorption  bauds,  of  which  there  were  as 
r  as  eight  or  ten.  The  blue  and  violet  were  brighter  than  in 
stars  with  "band  spectra.  The  bright  lines  c,  f,  and  d 3  were 
le ;  ft,  however,  was  probably  not  seen  bright,  but  a  bright 
m  the  blue  side  was  noticed,  which  may  possibly  be  identical 
a  line  which  under  peculiar  circumstances  is  the  brightest  in 
pectrura  of  hydrocarbon.     One  seen  in  the  violet  may  be  the 

line  of  hydrogen.  Dr.  Vogel  remarks  that  there  are  three 
*  stars  in  Uyr/nua  giving  auite  unique  spectra. 
'  careful  comparisons  with  several  neighboring  stars.  Dr. 
lidt  noted  the  gradual  diminution  in  the  intensity  of  the  light 
e  star  almost  daily.  The  variations  of  magnitude  are  ex- 
ed  in  the  following  table  : — 
'oyember  24    3*0  Maf^nitude.  December 

tt  OR         O.l  U  tl 


•eoember 


25 

3-1 

26 

31 

27 

3-2 

28 

3-8 

29 

4-7 

30 

5-0 

1 

6-2 

2 

6-4 

3 

5-6 

4 

5-8 

u          26     3-1           "  ** 

((           27     3-2           "  " 

u           28     3-8           •'  " 

"          29     4-7          ••  " 

41  u 

"                2     6*4           "  " 


5 

6-9 

Mafi^tude. 

7 

6-3 

8 

6-6 

9 

6-6 

10 

6-6 

11 

6-7 

12 

6-7 

13 

6-8 

14 

6-9 

15 

7  0 

the  end  of  the  year  the  star  was  still  about  the  seventh 
litude,  and  of  a  decidedly  orange  color,  with  a  reddish  tint. 
mthly  Notices  Astron,  Soc,  Feb.,  1877. 

Planets  recC'tly   discovered, — The   names,  orbits,  times   of 
very,  and  names  of  discoverers  of  the  minor  planets  found 

the  beginning  of  1876,  are  given  in  the  following  table, 
orbits  are  from  the  circulars  to  the  Berliner  JahrbucL 
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Planbtb  bkoentlt 

DisooYBiun). 

Time  of 

Mean 

Angle  of 

^^i?' 

Long. 

Mo. 

Name. 

DlMOTenr. 

DlBCOTerer. 

DlBt. 

Booent 

Incl. 

Per! 

168 

CoroniR, 

Jan.  4,    1816 

Enorre 

2-9901 

o 

16 

69 

o 

I 

• 

23 

282  49 

355  10 

169 

\  emilia, 

Jan.  26,     " 

Paul  Henry. 

31263 

6 

38 

6 

5 

136     5 

100  40 

160 

Una, 

Feb.  20,     " 

Peters. 

2-7542 

3 

39 

3 

32 

12     3 

191   16 

161 

Athor, 

Apr.  16,    " 

Watson. 

2-3760 

7 

38 

9 

10 

18  33 

312  56 

162 

Laurentia, 

Apr.  21,    »* 

Pros.  Henry. 

3-0211 

9 

31 

6 

3 

38  15 

147  44 

163 

Erigone, 

Apr.  26,    " 

Perrotin. 

2-3607 

8 

34 

4 

41 

159     0 

93  17 

164 

Eva,     « 

July  12,     " 

Paul  Henry. 

2-6625jl8 

42 

24 

48 

77  27 

2  46 

166 

Loreley, 

Aug.  9,      " 

Peters. 

3-1286    4 

10 

11 

10;304     I 

282  24 

166 

Rhodope, 

Aug.  15,    " 

Peters. 

2-719913 

48 

11 

4] 

129  15 

30  52 

167 

Urda, 

Aug.  28,    " 

Peters. 

3-218618 

)1 

1 

42 

170     7 

32  39 

168 

Sibylla, 

Sept  28,    " 

Watson. 

3-3781j  3 

61 

4 

36 

209  36 

5  43 

169Ze1la, 

(1        t( 

Pros.  Henry. 

2-3680t  7 

30 

6 

31 

364  35 

326  35 

170 

Jan.  10,  1877. 

Perrotin. 

2-6510,  3 

44 

14 

21 

301   18 

98  37 

171 

Jan.  13,     " 

Borrelly. 

314721  8 

8 

2 

30 

100  64 

151  21 

172 

Feb.  5,       " 

Borrelly. 

2  3796'  5 

46 

9 

41 

331  48 

326  17 

To  the  planet  (150)  the  name  Nuwa  has  been  given.  The  ob- 
servationB  of  (149)  Medu%m  and  (155)  iScyUa  were  not  such  as  to 
furnish  reliable  elements  of  their  orbits. 

To  the  planets  recently  discovered  might  be  added  the  two 
rediscovered  by  Palissa,  viz:  (66)  Maia,  (Sept.,  1876,)  not  seen 
before  since  1861,  the  time  of  its  discovery  by  Tuttle,  and  (107) 
CaiiiiUa^  (March,  1877,)  not  seen  befoi*e  since  1868,  when  dis- 
covered by  Pogson.  Of  the  tirst  140  planets  between  Mars  and 
Jupiter,  the  following  have  been  seen  only  at  the  opposition  near 
the  time  of  discovery,  viz:  (99)  Dike^  (125)  Liheratrix^  (132) 
Aethray  (137)  Melihoca  and  (139)  Jtiewa,  The  following  have 
been  observed  at  one  opposition  subsequent  to  the  time  of  dis 
covery,  viz:  (66)  Mala,  (104)  Clyrmne^  (107)  CamUla^  (123) 
Briinhilday  (I'^l)  ^«/a,  (133)  Cyrene^  (134)  Sophrost/ne,  and 
(135)  Hertha,  Seven  others  of  the  140  have  been  observed  at 
two  oppositions  subsequent  to  that  of  discovery,  and  120  at  four 
or  more  oppositions  including  that  of  discovery.  h.  a.  n. 

3.  Publications  of  the  Private  Observatory  of  Lord  Lindsay^ 
Dun  JEk'ht  (Aberdeen), — Vol.  i,  of  this  series  has  just  been  issued 
in  quarto  form.  It  is  privately  (and  extremely  well)  printed  and 
has  been  liberallv  distributed  to  astronomers  in  Europe  and 
America.  Its  title  page  well  describes  its  contents : — "  A  Sum- 
mary or  index  of  the  measurements  (of  double  stars)  in  the  '  stel- 
larum  duplicium  et  multiplicium  mensurae  micrometricae,'  F.  G.  W. 
Struve,  1837,  and  '  Additamentum  in  F.  G.  W.  Struve  mensuras 
micrometricas  stellarum  duplicium'  (1837),  including  all  the  stare 
in  the  *  Synopsis  observationum  de  stellis  duplicibus,  in  specala 
Dorpatensi,  annis  a  1814  ad  1824,  per  instrumenta  minora  per- 
fectum'  and  in  the  '11.  mensurae  micrometricee' — re&n-anged  in 
order  of  R.  A.,  and  the  positions  brought  up  to  1875." 

Each  page  contains  thirteen  columns  and  everything  relating  to 
each  star  is  found  in  its  horizontal  line  or  in  a  foot  note.  Column 
J   contains  Struve's  numbeT^  coVxrnm  2  the  page  in  Mens.  Mie. 
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where  the  star  is  to  be  found,  column  3  the  synonyms,  columns  4 
and  5  the  R.  A.  and  6  for  1 875*0,  column  6  the  lowest  and  highest 
magnifying  powers  used  by  Struve,  column  7  the  mean  date  of 
observation,  columns  8  and  9  Struve's  distance  and  position  an^le, 
columns  10  and  11  give  the  magnitude  and  color  of  the  principal 
component  A,  columns  1 2  and  1 8  the  same  data  for  B.  Ap- 
pended is  a  table  of  the  precessions  in  declination  for  teji  years 
and  a  diagram  from  whicn  the  variable  part  of  the  precession  in 
R.  A.  for  ten  years  in  minutes  of  time  can  be  taken  by  inspection. 
Doable  star  observers  will  find  this  a  most  useful  and  valuable 
work.  E.  s.  H. 

4.  La  Luce  Zodiacale,  sue  Leggi  e  Teoria  Cosmico-Atmosfer- 
icUj  dedoUe  daile  Osservazione  di  G.  Jones^  per  il  P.  A.  Serpibbi, 
D.  S.  P.,  Direttore  dell'  Osservatorio  Meteorologico  di  Urbino. 
Palermo,  1876.     4to,  pp.  vi,  113,  with  4  plates. — This  is  a  reprint, 
from  the  Journal  of  tne  Italian  Spectroscopists,  of  an  elaborate 
memoir  chiefly  founded  upon  the  observations  of  the  Rev.  George 
Jones,  of  the  U.  S.  Navy,  but  with  the  use  of  many  observations 
derived  from  other  sources.     The  author,  rejecting  the  now  com- 
monly received  theory  of  the  Zodiacal  Light,  which  attributes  its 
luminosity  to  sunlight  reflected  from  innumerable  small  meteoric 
bodies,  comes  to  the  conclusion  that  it  is  a  purely  terrestrial  phe- 
Domenon,  in  the  nature  of  an  aurora,  differing  from  the  polar 
auroras  merely  in  its  having  a  particular  fixed  position  and  by  its 
permanence.     He  supports  this  conclusion  by  a  variety  of  argu- 
ments, prominent  among  which  is  the  supposed  occurrence  of  the 
auroral  line  in  the  zodiacal  spectrum,  as  reported  by  a  number  of 
observers,   and  he  considers  the  continuous  spectrum  seen  by 
many  other  observers  as  a  thing  of  mere  occasional  and  fortuitous 
nature.     Now,  in  point  of  fact,  no  one  making  systematic  and 
continuous,  observations  for  a  length  of  time  has  always  found  the 
auroral  line  present,  and  the  assumption  of  its  presence  in  the 
spectrum  of  the  zodiacal   light  rests  chiefiy  on  a  few  isolated 
instances,   while  on   the  other  hand   a  continuous    spectrum   is 
always  visible.     Again  he  regards  the  polarization  of  the  light, 
determined  by  careful  observations  of  at  least  two  persons  con- 
tinued for  a  considerable  period  of  time,  as  an  accidental  circum- 
stance, and  not  as  a  permanent  characteristic.     The  admission  of 
the  reality  of  this  and  the  continuous  spectrum  would  be  fatal  to 
the  auroral  theory,  which  even  otherwise  finds  few  supporters. 
Although  the  author's  conclusions  may  be  questioned  with  good 
reason,  the  volume  is  a  valuable  contribution  to  the  literature  of 
the  zodiacal  light,  bringing  together  as  it  does  many  excellent 
observations,  and  containing  interesting  particulars  respecting  the 
physical  aspects  of  this  much  discussed  phenomenon,     a.  w.  w. 

5.  Comets  hi  1877. — There  have  been  thus  far  this  year  three 
new  comets  discovered,  a  decided  contrast  to  the  barrenness  in 
discoveries  of  the  last  four  years. 

(1.)  Borrelly  at  Marseilles  found  a  telescopic  comet  Feb.  8th,  in 
Ophiuchus.  Approximate  elements  are,  7r=il74°  36',  Q^187®  20', 
1=163°  2',  log  q=9-907l2. 
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'2.)  Borrelly  discovered  a  second  comet  about  the  6th  of  April. 
3.)  Mr.  Lewis  Swift  at  Rochester,  discovered  on  the  evening 
of  the  11th  of  April,  a  very  faint  comet  in  the  head  of  (Cassiopeia. 
The  discovery  was  telegraphed  the  same  evening  to  Professor 
Henry  and  to  the  Associated  Press,  but  for  some  reason  notice 
seems  not  to  have  been  sent  to  Europe.  This  enabled  Borrelly  on 
the  14th  to  announce  his  later  discovery  of  the  same  comet. 

6.  ObaervcUions  of  Comets  18776.  and  1877(5.  ai  the  Observdh 
tory  of  the  Sheflield  Set.  School^  made  by  W.  Bbbbe,  H.  A. 
Hazbn,  and  T.  A.  Smith. — Comet  1877ft.  was  observed  here  at 
the  dates  given  below.  At  first  it  seemed  a  round  nebulous  mass, 
about  6'  in  diameter,  at  first  slightly  but  later  more  plainly  con- 
densed at  the  center,  clearlv  defined  on  the  side  toward  the  sun, 
and  fading  very  gradually  m  the  opposite  direction,  though  with- 
out any  elongation  that  could  be  properly  called  a  tail.  But  on 
the  21st,  after  a  period  of  cloudy  weather,  the  comet  had  become 
much  brighter,  with  a  well-defined  nucleus.  Two  tails  were  also 
visible,  one  extending  nearly  west  along  a  circle  of  declination 
about  20',  and  one  southwest  making  with  the  first  an  angle  of 
about  60°,  the  whole  forming  a  kind  of  fan-shaped  tail.  The  fol- 
lowing observations  were  made  with  a  ring  micrometer  con- 
structed by  Professor  Lyman.  It  differs  from  the  usual  form  in 
that  it  consists  of  four  concentric  rings,  the  largest  about  a  degree, 
the  smallest  about  8',  in  diameter.  By  this  arrangement  any  or 
all  of  the  8  circles  can  be  used  for  comparisons,  and  selections  may 
be  made  for  the  best  observations,  whether  for  H.  A.  or  dea 
Power=60.  In  absence  of  a  chronograph,  or  of  a  clock  in  the 
tower,  an  assistant  noted  time  from  a  portable  chronometer.  The 
names  of  the  first  three  comparison  stars  are  uncertain. 
New  Haven  m.  t.  (C— S),  ^a  (C— S),  Ad       Comp.  star.  Na  Comp. 


/  a 


h     m  s  m        B 

April  7,  16  18  38  +2  17-86  -17  19-15  43397  LL.  11 

9,  15  46  31  +6  36-97  —18  52-90  43247  LL.  14 

11,  16  26  6  +4  1209  43417  LL.  12 

12,  14  41  10  —8  8  89  —  9  425  43890  LL.  6 
12,  15  26  8  —8  8-92  -12  44-90  43891  LL.  13 
15,  6  54-60  -.  ..  44026  LL.  6 

Swift's  comet  (1877c.)  was  seen  here  on  the  evening  of  the  12th, 
and  the  observation  then  made  is  perhaps  the  earliest  exact  meas- 
urement of  its  place.  The  comet  appeared  to  be  a  faint  elongated 
bit  of  haze  less  than  1'  broad  and  was  b'  or  W  long.  With  powers 
of  40  to  200  (object-glass  =  8f  in.)  no  trace  of  nucleus  was  seen 
or  other  distinguishing  mark.  The  comet  passed  centrally  over  a 
10  mag.  star,  which  at  first  was  taken  for  a  nucleus.  The  place  of 
this  star  was  taken  as  that  of  the  comet.  The  comet  was  again 
seen  on  the  22d  of  April. 

New  Haven  m.  t  (C-S),  Aa.  (C-S).  Ad.  Oomp.  Star.  No.  Coop, 

h     m     s  m      s                   ^      , 

April  12         9     2     0  -4  43-32          +   7  51-2              a                  7 

"          9     2     0  -9  16-18         +11     0-2        1951  LL.           6 

22       16  19  29  +2  4000  -15  45  0               h                  5 

App.  place,  Apr.  22,  R.  A.  2^  28"»-6.     Dec. +60**  18'-6.     w.  R 


MisceUaneotia  Inielligence.  401 


V.  Miscellaneous  Scientific  Intelligence. 

.  Notes  on  the  Appearance  and  Migration  of  the  Locnat  in 
nitoba  and  the  Northwest  Territories^  Summer  of  1876  ;  by 
iRGB  M.  Dawson.  18  pp.  8vo.  (From  the  Canadian  Nat- 
list.) — Mr.  Dawson  states  that  in  1875  the  hatching  of  the 
iBts  in  Manitoba  began  in  favorable  places  May  7th,  and  be- 
le  general  May  1 5th.  The  most  northern  locality  was  Mani- 
a  Lake,  in  latitude  bV.  The  movement  began  m  July,  and 
\  most  general  during  the  latter  half  of  the  month  and  first  of 
^ust;  and  the  direction  was  southeast  or  south,  the  insects 
arently  using,  by  instinct,  the  winds  that  favored  their  pur- 
e.  Many  were  carried  into  a  country  of  thick  woods,  where 
y  did  little  harm,  and  few  reached  Minnesota.  Others  passed 
r  Crookston,  Polk  County,  Minnesota,  and  Fort  Totten,  Da- 
a;  and  probably  the  Sioux  City  locusts,  mentioned  by  Mr. 
V^.  Riley,  came  from  Manitoba. 

Hher  swarms  of  locusts  came  from  the  south  across  the  49th 
allel,  with  a  wide  front  stretching  from  the  98th  to  the  108th 
ridian,  which  differed  from  the  natives  of  Manitoba,  inasmuch 
ibey  arrived  before  the  latter  were  mature.  These  wert^  "  the 
reme  northern  part  of  the  army  returning,  going  northward 
I  northwestward,  from  the  States  ravaged  in  the  autumn  of 
4."  They  appeared  at  Fort  Ellice  on  the  13th  of  June,  and  at 
'apelle  Fort  on  the  17th ;  about  Swan  Lake  House,  their  most 
them  point,  July  10th.  Fort  Pelly,  farther  west,  and  nearly  a 
^ree  farther  south  was  reached  July  •20th.  About  seven  days 
re  occupied  in  the  journey  from  the  latter  place  to  Swan  Ri\  er 
rracks,  a  distance  of  only  ten  miles. 

At,  Dawson  concludes  that  the  planting  of.  belts  of  woodland 
aid  effect  in  time  a  general  and  permanent  amelioration  of  the 
sshopper  plague,  since  they  usually  avoid  such  belts, — their 
ading  the  forests  in  1875  being  perhaps  due  to  the  insects 
ing  *Most  their  reckoning." 

^'he  journey  southward  was  regardless  of  the  direction  from 
ich  their  parents  had  come  the  preceding  year;  and  those  of 
braska,  Missouri,  Kansas  and  Texas,  flew  northward  and  north- 
itward,  returning  on  the  course  of  their  parents  which  had 
v-n  southeastward  from  that  quarter ;  and  this  movement  ez- 
ded  over  an  immense  area  from  the  northern  borders  of  Texas 
lost  to  the  Saskatchewan  River.  The  normal  direction  of 
bt  is  toward  the  hatching  grounds  of  their  parents,  so  that  two 
rs  seem  to  be  required  to  complete  the  migration  cycle.  The 
i  that  the  young,  while  amenable  to  the  migratory  tendency, 
w  a  determinati6n  to  exercise  it  in  a  direction  exactly  the 
^osite  of  the  preceding  generation  is  most  remarkable. 
i%  to  prevention,  the  methods  proposed  are  the  cultivation  and 
servation  of  forest  trees ;  the  protection  of  the  prairie  grass 
il  the  appropriate  time  for  destroying  the  young  insects  in  the 
ching  grounds  by  fire ;  the  protection  of  insect-eating  birds. 
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Elementary  Appendix  to  all  text-books  upon  iron  and  st^el  con- 
struction ;  by  Dr.  Jacob  J.  Wkyrauch,  Pro£  Poly  tech.  School  at 
Stuttgart.  Translated  by  A.  Jay  DuBois,  Ph.D.,  Prof.  Civ.  and 
Mech.  Engineering,  Lehigh  University,  Penn.,  with  an  Appendix 
by  R.  II.  Thubston,  A.M.,  ProU  Mech.  Eng.,  Stevens  Inst 
Icchnol.,  Hoboken,  N.  J.     210  pp.  8yo,  with  four  lithographed 

Elates.  Mew  York.  1877.  (John  VViley  <fe  Sons,  15  Astor  Place.) — 
>r.  Weyrauch's  work  has  special  importance  in  this  bridge-build- 
ing country.  It  treats  of  the  methoa  of  dimensioning  in  iron  and 
steel  structures,  explains  Wohler's  important  law,  sets  forth  a  new 
and  improved  method  based  on  formulas  original  with  Pro£ 
Launhardt  and  the  author,  and  presents  practical  directions  and 
various  experimental  results,  a  knowledge  of  which  is  essential  to 
safe  construction.  T  he  translation  was  made  by  Professor  DuBois, 
at  the  request  of  the  author. 

8.  The  Chemisfs  Manual:  A  practical  Treatise  on  Chemistry^ 
Qualitative  and  Quart titative  analysis,  Stcechiometry^  blowpipe 
Analysis,  Mineralogy,  Assaying,  Toxicology,  cfcc,  dbc;  by  H  enbt 
A.  MoTT,  Jr.,  KM.,  Ph.D.,  Ac*  626  pp.  8vo.  New  York,  1877. 
(D.  Van  Nostrand). — This  work  is  a  compend  of  chemical  facts 
and  principles.  •  The  author  has  shown  skill  in  the  selection 
of  his  materials,  and  has  derived  them  generally  from  the  latest  aa- 
thorities.  Many  useful  tables  are  introduced,  as  of  Trautwine's 
specific  gravities  and  weights ;  formulae  of  frequently  occurring 
substances  arranged  alphabetically ;  the  table  of  alcohols  in  atomic 
series ;  poisons  and  antidotes,  etc. ;  Mendelejeif 's  classification  of 
the  elements,  reproduced  from  Watts's  second  supplement.  Under 
quantitative  analysis,  are  schemes  and  specific  instructions  for  ibe 
analysis  of  the  more  fi*equently  occurring  commercial  products, 
and  in  organic  chemistry  for  wine,  milk,  sugars,  both  chemical 
and  optical,  with  much  that  is  not  found  condensed  elsewhere  in  a 
form  so  conveniently  accessible.  b.  s. 

9.  Astrofiomical  Myt/is  based  Oft  Yl.a^^arios'^s  History  of  the 
Heavens ;  by  John  F.  Blake.  432  pp.  12mo,  with  plates  and 
wood-cuts.  London,  1877.  (Macmillan  &  Co.). — The  title  of  thb 
work  hardly  does  it  justice;  for  while  containing  astronomical 
myths,  it  gives  in  a  popular  way  much  of  the  early  history  of 
astronomical  ideas,  and  something  of  early  notions  in  geography 
The  chapters  on  the  Pleiades  is  especially  interesting,  it  bringing 
out  much  on  the  year  and  festival  times  of  the  ancienta,  and  on 
the  astronomical  knowledge  of  the  Egyptians  and  purposes  of 
the  pyramids.  It  has  chapters  also  on  the  Zodiac;  the  origin  of 
the  Constellations;  Eclipses  and  Comets;  Astrology;  time  and 
the  Calendar;  and  many  other  subjects,  all  of  which  are  treated 
in  a  way  to  instruct  and  entertain. 

The  Electric  Bath;  its  medical  uees,  effects  and  appliances,  bj  George  U. 
Schweig,  M.D.     New  York:  6.  P.  Putnam's  Sons.     1877.  pp.  134,  12ma 

Lecture  Notes  on  Elementary  Inorganic  Chemistry ;  by  K.  S.  Breidenbuigfa, 
A.M.,  Prol  ChenL  and  Min.  Pennsylvania  College  at  Gettysburg.  72  pp.  Sm 
Gettysburg,  1871. 

Interpolation  and  adjustment  of  Series ;  by  E.  L.  PeForest.  62  pp.  8va  Kev 
JBaven,  1876. 
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T.  XLIII. — An  account  of  llie  Discoveries  in- Vermont  Oeciogy 
of  the  Rev.  Augustus  Wing  ;  by  Jamics  D.  Dana. 

[Gontiniied  from  pttge  347.] 

!n  the  preceding  part  of  this  paper  the  discoveries  have  been 
lounced  of  Trentoii  fossils  in  crystalline  limestone  in  North 
ideton,  Hubbardton,  and  Sudbury,  within  the  area  of  the 
reat  central  slate-belt ;"  in  East  Cornwall  just  east  of  the  belt  ; 
t  of  the  village  of  Shoreham ;  in  Eastern  Orwell ;  in  Middle- 
*y,  and  north  of  East  (Cornwall — indicating  a  north-and-south 
a  of  Trenton  limestone  either  side  and  underneath  the  slate, 
1  showing  the  slate  to  be  probably  the  Hudson  River  shales ; 
QiQzyJossils  at  West  Rutland ;  in^ast  CSornwall ;  northeast  of 
!  villaee  of  Orwell ;  in  West  Cornwall ;  in  North  ComiT^all  at 
sworth  Ledge ;  at  Wey bridge  Upper  Falls  northwest  of  Mid- 
bury ;  of  Quebec  fossils^  south  ot  the  East  Cornwall  locality 
Trenton  fossils,  and  in  North  Cornwall  at  Ellsworth  Ledge; 
Calciferous  fossils  near  the  borders  of  West  Cornwall  at 
scom  s  Ledge ;  in  Northeastern  Shoreham  at  Mutton  Hill, 
1  also  in  another  fold  near  by  (affording  a  small  species  of 
(hocerasy  etc.);  near  the  border  of  West  Cornwall  at  Bascom's 
3ge,  and  at  Barbour's  Ledge  in  South  Bridport. 
rhe  Eolian  limestone  extends  north  through  Middlebury 
1  New  Haven  and  terminates  in  Monkton,  and  affords  other 
sils  in  its  northern  portion. 

6.  Northern  Middlebury^  New  Haven^  Monkton. 

About  two  miles  north  of  Middlebury,  a  few  rods  east  of  the 
id  running  by  Messrs.  Hammond's  to  the  Severance  (or  Old 
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Middlebury)  Marble  Quany,  half  a  mile  west-by-Bouth  from  tbe 
quarry,  across  a  small  stream,  there  is  a  thin  bed  of  limestooe 
dippiDg  to  the  east  70°  or  76°,  UDderlaid  oa  the  west  by  six  or 
eight  feet  of  dark  fine-graiQed  quartzyte  holding  Scolithi.  At 
this  place  ten  or  twelve  specimens  of  a  small  Orthoceraa  occur, 
weutnered  out  over  the  ezpoaed  surface  of  limestone  near  the 
place  of  contact  with  the  quartzyte.  The  Orthocerata  are 
tapering  in  form,  three  to  five  lines  in  diameter  and  one  to  two 
inches  loug,  and  have  very  fine  close  septa  Tbe  species  is  veiy 
much  like  the  Calciferous  Orthoceraa  figured  by  Hall  in  tbe 
New  York  Beport 

I  visited  this  locality,  on  my  excursion  with  Mr.  Wing,  and 
fonnd  his  description  right ;  tbe  apecimene  are  beantil^lly  distinct 
althoneh  only  worn  sections.  Expecting 
that  Mr.  Wing  would  describe  the  Ortbo- 
ceras,  and  also  hoping  that  I  shonld  re- 
ceive from  him  a  specimen  (which  only 
long  working  with  a  qaarTTmaD's  toou 
could  safely  dig  out),  I  took  no  sati^c- 
tory  notes  at  tbe  time.  Through  the 
kJndcess  of  Professor  H.  H.  Seely,  I 
have  had  "squeezes"  from  three  of  the 
specimens,  showing  well  the  character  of 
the  septa,  and  have  further  learned  that 
tbe  number  of  septa  is  from  ten  to  thir- 
teen in  a  quarter  inch,  that  is  forty  to 
fifty -two  in  an  inch;  and  I  have  alw 
received  drawings  made  on  the  spot  bf 
Miss  Parker.  The  oocompaDjing  three 
figures  are  from  these  drawings  and  tlie 
squeezes.  They  are  natural  size;  aad 
rtofessor  Seely  observes  that  there  tte 
indications,  though  doubtfiil,  that  the 
upper  end  of  No.  1  may  have  been  half 
an  inch  longer.  The  figures  are  restora- 
tions only  in  having  part  of  tbe  septa  more  entire  than  in  the 
specimens. 

They  show  that  the  species  is  much  like  Orthoexraa  primigenivm 
Hall,  bat  that  part  have  a  slight  curve.  Mr.  Wing's  earliest  notes 
on  this  locality  among  those  in  my  hands,  occur  in  a  letter  dated 
October,  1867.*  , 

Half  %  mile  northwest  of  the  Orthoceras  locality  and  two 
and  a  half  miles  northeast  of  Middlebury  village,  and  appar- 
ently in  the  same  formation  with  tbe  last,  there  are  specimeoi 
resembling   OphHela  compacta;  tbere  was  also  found  here  a 
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lafge  Maclurea.     "The  figure  here  given  is  correct  as  to  size 
and  general  form,  though  not  having  the  grace  of  the  original." 

About  a  mile  southwest  of  the 
^  Middlebury  quarry  and  thirty  or 

forty  rods  west  of  Mr.  R  Kirby's 
residence,  in  an  old  orchard,  seve- 
ral distinct  convoluted  shells  were 
seen  on  a  dark  siliceous  limestone 
dipping  west  The  beds  are  prob- 
ably Calciferous. 
The  quartzyte  near  the  old  Mid- 
dlebury Marble  Quarry  above-mentioned  extends  northward 
into  the  town  of  New  Haven  to  New  Haven  River,  a  distance 
of  about  two  miles.  The  following  figure  represents  a  section 
taken  south  of  New  Haven  River  on  the  southern  border  of 

18. 


a  h  e        d  € 

nolomlte.     Marble,     nolomlte.  Qwutsjte. 

Section  aoiith  of  New  Hayen  Biyer  on  the  southern  border  of  New  Haven  town.  • 

the  town  of  New  Haven.  There  are  in  succession,  going  east- 
ward alonff  the  lines  of  section,  160  feet  of  dolomite  (a) ;  200  feet 
of  marble  (ft);  150  feet  of  dolomite  (c) ;  10  feet  of  gray  quartzyte 
(cf) ;  800  feet  {e)  of  buif  and  reddish  quartzyte  with  some  slate. 
The  quartzite  has  been  made  the  overlying  rock  in  the  view  of 
Mr.  Wing  by  an  overthrow  fold.  This  quartzyte  belt,  with  the 
limestone  west  of  it,  stops  at  New  Haven  River.  But,  80  to 
100  rods  to  the  west,  another  belt  begins  which  stretches  north- 
ward, passing  just  east  of  New  Haven  village  (four  miles  from 
New  Haven  River),  and  finally  joins  the  Red  Sandrock  of 
Monkton. 

At  a  place  two  and  a  half  miles  south  of  New  Haven  village, 
in  a  field  belonging  to  Mr.  J.  Brown,  a  small  Orthoceras  was 
found  over  the  weathered  surface  of  the  dolomite  just  west  of 
the  quartzyte,  which  was  apparently  identical  in  species  with- 
those  of  the  locality  above-mentioned.  The  Orthoceras  is  closely 
like  that  of  Shoreham  (figured  on  page  842),  which  was  found 
in  limestone  adjoining  the  underlying  sandrock.  The  quartzyte 
at  Mr.  J.  Brown's,  two  and  a  half  miles  north  of  New  Haven 
village,  is  400  to  500  feet  thick,  dips  eastward  at  an  angle  of 
50°  to  60°,  and  contains  "numerous  Fucoids  and  obscure 
Scolithi." 

This  locality  is  one  of  those  I  visited  with  Mr.  Wing.    The 

Jnartzyte  is  situated  between  limestone  on  the  east  and  west,  all . 
ipping  alike.    The  dolomitic  limestone  to  the  east  has  a  reddish 
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color  seamed  with  white,  somewhat  brecoiated,  and  resembles 
much  the  red  Winooski  limestone  (Primordial).  The  quartzyte 
ridge  was  nearly  half  made  up  of  hydromica  slate. 


Section  iie*r  Kr.  J.  Brown's. 

For  a  mile  northeast  of  the  Weybridge  Upper  Falls,  across 
the  railroad,  the  **  striped  stratum  is  seen  in  short  anticlinals 
without  fossils;  but  in  a  fold  skirting  the  western  foot  of  Town 
Hill,  near  an  old  lime-kiln,  on  the  farm  of  A.  Lorraine,  three 
miles  southwest  of  New  Haven  village,  RhynchoneUce  were 
found.  The  same  formation  extends  on  and  contains  fossils  in 
Brookville,  and  "  in  northeastern  Middlebury  east  of  Ohipman 
Hill,  a  little  north  of  Mr.  Foot's  residence,  just  east  of  the  road 
going  to  Mr.  Hammond's." 

In  the  northwestern  part  of  the  town  of  New  Haven,  one  and 
one-half  miles  north  of  New  Haven  depot,  a  few  rods  west  of 
Mr.  Charles  Mason's  residence,  the  road  to  Monkton  cuts 
through  the  western  boitJer  of  a  low  quartzyte  anticlinal,  hav- 
ing an  eastward  and  westward  dip  in  the  opposite  directions. 
Following  the  quartzyte  northward  twenty-five  or  thirty  rods, 
Fucoids  and  JScolilhi  are  found  in  it.  The  quartzyte  to  the 
west  and  east  dips  under  heavy  beds  of  "dolomitic  siliceous 
limestone.''  Farther  east  there  is  a  thick  stratum  of  white 
crystalline  limestone  or  marble;  next,  beds  of  *' sandstone" 
and  concretionary  limestone;  next,  a  coarse  "sandstone"  con- 
glomerate; next,  limestone.     "Obscure  Orthocerata,  convoluted 

be  fossils 

limestones 

the  rock 

beyond  being  the  Eed  Sandrock,  with  its  Scotithi  and  Fucoids, 
The  Calciferous  formation  is  thus  traced  to  the  northern  limit 
of  the  Eolian  limestone. 

At  my  visit  to  the  quartzyte  anticlinal  just  described,  I  found 
that  there  was  a  small  cross-gorge  in  the  quartzyte,  showing  that 
the  quartzyte  had  little  thickness  and  that  it  overlaid  a  stratum 
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of  limestone,  probably  dolomitic,  twenty  feet  in  height  of  which 
were  exposed  to  view.  The  beds  at  this  place  have  only  a  small 
dip.  The  general  relations  of  the  beds  are  phown  in  the  above 
section. 
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The  qauisfte  is  in  moBt  parts  a  little  ataty  in  structure,  and  io 

limited  portions  a  Binning  grayisli-blaok  slate.     In  places  over  it 

there  are  areas  of  sub-concentric  concboidal  lami-  21 

nation,  looking  somewhat  as  if  examples  of  the  ^. 

flow-and-plnnge  structure,  but   more  probablv  a  ^  BfT^ 

result  of  conoretionary  consolidation.     To  the  lat-  >       HJ 

ter  cause  I  attributed  some  forms  that  looked  ex-  IB 

ceedingly  like   casts   of  a  Pleurolomana  and   a  mm 

MurchUonia,  and  of  a  val  ve  of  Orthia  lynx    Others  hm 

of  these  imitative  forms  over  the   surface  were  S^ 

semi^lindiical  and  chambered,  as  if  worn  casts  ^P 

of  long  crinoidal  stems ;  vet  having  the  chambers  wSA 

too  large  and  irregular  for  any  known  cnnoidal  Kl 

forms.    A  portion  of  one  of  them  is  here  tignred  kf| 

natural  size;  its  total  length  was  over  ten  inches.  Sr 

These  umnlations  of  Crintnds  may  also  be  due  to  ^m 

a  conoentric  structure  in  the  slaty  portion  of  the  'tOt 

rock ;  yet  how,  it  is  not  easy  to  understand.  %„^ 

7.  Eattem  portion  of  the  Mftian  JAmettone  belt,  and  the  QuarCxj/le 
at^ininff. 

In  this  eastern  portion  of  the  Eolian  limestone,  constitut- 
ing one-fourth  to  one-third  of  the  whole  brpadth,  no  foasiU 
have  been  found.  The  more  crystalline  character  of  the  rock 
acconnts  for  the  abeeuce  of  fossils.  Conclusions  as  to  its  age 
and  that  of  the  qiiartzyte  have  to  be  based  on  other  consid 
crations.  This  evidence  of  intenser  metamorphisin  on  going 
eastward  is  apparent  beyond  the  limits  9f  the  limestone  region, 
to  and  beyond  the  Green  Mountain  axia 

The  interstratification  of  the  quartzyte  and  Eolian  limestone 
is  illustrated  in  the  section  given  on  page  340,  in  which  two 
bands  of  dolomite  are  included  between  belts  of  the  quartzyte. 

In  July,  1870|  Mr.  Wing  made,  along  with  Professor  Seely, 
a  special  exauiinatioa  of  the  quartzyte  mountain  called  the 
"Hogback,"  forming  the  northern  terminus  of  the  Vermont 
Quartzyte  range,  and  lying  near  the  western  foot  of  the  Green 
Mountains.  At  the  north  end  of  the  Hc^back  a  low  hill,  situ- 
ated north  of  the  road  to  Starksboro,  is  of  bard  grayish  quartz- 
yte, while  the  main  range  south  is  brownish  and  distinctly 
strati&ed,  with  the  dip  70°  to  75°  to  the  eastward.  North  of 
this  low  quartzyte  hill,  the  quartzyte  extends  on  northward  in 
narrow  masses,  and  is  directly  overlaid  on  the  northeast  by 
dolomite  and  bounded  by  the  same  dolomite  around  the  whole 
northern  end.  The  dolomite  on  the  west  was  not  seen  in 
immediate  contact  with  the  quartzyte;  but  at  the  nearest 
point,  "some  rods  distant,"  it  seemed  to  dip  east  at  a  high 
angle,  while  a  few  rods  to  the  west  it  had  a  decided  westward 
dip.     On  the  eaal  side  of  the  quartzyte  at  this  northern  end  of 
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the  range,  and  also  south  to  Starksboro,  there  is  another  north- 
and-south  range  of  limestone  (dolomite),  having  an  eastward 

22.  dip    conformable    to   the 

^- — .  quartzyte  (as  represented 

/'  \  also  in  the  Vermont  Be- 

\  port,  p.  846).    The  figure 

nere  given  (copied  irom 
Mr.    Wind's    note    book) 
gives  his  view  of  the  strati- 
j    ncation. 

'-^        At  Starksboro,  east  of 
Mr.  inng^s  aeotion  through  Hogb«<*.       ^he  dolomite,  there  is  a 

quartsyte  ridge  which  **  for  a  height  of  8,000  feet  seemed  to 
be  an  mmiense  fiag-stone  quarry ;  the  rock  is  quarried  for  flag- 
ging farther  north.  It  may  be  called*  brown  quartzyte ;  it  is 
within  the  'Talcose  Conglomerate*  area  of  the  Vermont  Geolog- 
ical Beport'*  The  layers  are  nearly  vertical,  having  a  very 
high  eastward  dip,  conformable  with  the  dolomite  and  witli 
the  quartzyte  lying  west  of  the  dolomite.  The  whole  valley 
between  the  two  ranges  of  quartzyte, — a  nearly  level  strip  of 
country  ^^  embracing  two  or  three  villages,  excellent  farms  and 
farm-houses," — seems  to  have  been  made  by  erosion,  the  dolo- 
mitic  and  sla^  strata  having  been  worn  away  faster  than  the 
quartzyte  of  Hogback  on  the  west  and  the  Flag-stone  ridge 
on  the  east.  The  onlv  fossils  of  the  quartzyte  are  the  ScoUOii 
and  Fucoids  observea  elsewhere,  and  these  are  the  same  with 
those  of  the  Red  Sand-rock. 

The  conclusion  given  in  the  notes  of  this  excursion  in  1875 
is, — that  "  all  the  rocks  in  Bristol  north  and  east  of  Mr.  Oaks's 
residence  (on  the  road  next  west  of  Bristol  village),  all  in 
Monkton  and  in  Starksboro,  are  older  than  the  Calciferous; 
the  dolomites  belong  to  the  Red  Sandrock  series,  or  that 
of  the  quartzyte,  and  in  some  places  appear  to  be  400  to  500 
feet  thick ;  and  they  overlie  the  quartzyte,  being  beneath 
because  of  an  overturn  anticlinal.'*  These  dolomites  here 
referred  to  the  Red  Sandrock  series  are  those  called  "  Subcrys- 
talline  limestone*'  on  page  343,  which  contain  the  Calciferous 
Orihoceras  at  Mutton  Hill  and  are  there  referred  to  the  Lower 
Calciferous.  The  following  section  (from  the  letter  of  1872,) 
represents  the  rocks  between  the  Red  Sand-rock  west  of  New 
Haven  (see  map)  and  the  quartzvte  at  the  village  of  Bristol, 
and  Mr.  Wing*8  view  as  to  the  folds,  a,  The  Red  Sand-rock 
dolomite  or  " Subcrystalline  limestone;**  6,  The  "Opbileta 
beds'*  or  Calciferous ;  c,  The  "Conglomerate**  or  "Trilobite  bed** 
or  **  siliceous  limestone  greatly  resembling  it,**  underlying  to 
the  south  on  the  strike,  "  Rhynchonella  beds*'  containing  fossils; 
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Q,  <|aartzyte.    Adjoining  the  Bed  Sandrock  on  the  west  is  No. 
2  of  the  section  on  page  848,  a  ^'dolomitic  sandstone." 


23. 


/ 


Mr.  Wing's  aection  from  the  Red  Sand-rook  west  of  New  Haven  to  the  Qoart^Tfee 

at  Bristol  Tillage. 

In  the  excnndon  with  Mr.  Wing  we  passed  along  by  the  west^ 
em  foot  of  the  Hogback  range,  north  of  the  village  of  Bristol 
At  one  point  the  limestone  stratum  was  seen  to  form  the  lower 
part  of  the  quartzyte  blofE^  and  to  dip  beneath  the  qnartzyte  at 
a  small  angle,  as  if  actually  an  underlying  stratum.  Mr.  Wing 
rooke  of  this  limestone  at  the  time  as  part  of  the  Primordial  or 
Ked  Sand-rock  series. 

A  section  of  Hogback  in  the  Vermont  GeoloKical  Report, 
taken  along  a  line  south  of  the  region  examined  by  Mr.  Wing, 
between  Bristol  and  Lincoln,  makes  the  limestone  at  the  west  base 

24. 


Section  of  Hogback^  from  Vermont  Beport 

of  Hogback  dip  eastward  45^  or  so  beneath  the  quartzyte.  To 
the  eastward  of  Hogback  along  this  section  no  limestone  is 
represented  in  the  figure ;  but  the  Report  says  (p.  846) :  ^  in  the 
valley  of  the  north  branch  of  New  Haven  Kiver,  pasfdng  up  to 
Starksboro,  there  are  ledges  of  limestone  occasionally  seen,  inter- 
stratified  with  the  quartz  rock,  nearly  as  far  as  StaiksDoro  village ; 
and  there  is  reason  to  believe  that  it  may  extend  to  meet  a  narrow 
belt  of  limestone  running  south  from  Hinesburgh.'' 

In  my  examination  of  the  limestone  and  quartzyte  ridge  north- 
east of  Rutland,  I  found  that  the  dip  in  both  was  eastward;  but 
the  nearest  outcrops  of  the  two  were  too  remote  to  make  it  sure 
that  they  were  conformable.  They  are  conformable  according  to 
the  section  through  Rutland  and  Mendon  given  in  the  Vermont 
G^logical  Report  The  quartzyte  in  Vermont  is  in  many  places 
interstratified  with,  and  replaced  by,  hydromica  slate  (sometimes 
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chloritie),  or  a  bydromic&oeotiR  qnftTtsyte  or  conglomerate — a  tut 
dwelt  opoD  in  the  Vennont  Geological  K«port,  which  aayi  ai  fol- 
lowa,  wbeti  deecribiiig  sections  across  tbe  eastern  qnartsyte  range. 
Id  t^nnderland  the  quartz-formation  includes,  withqaartzyte,  ul- 
coae  schist  [that  is,  hydromica  slate]  (p.  614).  In  Wallingtbrd  the 
quartayte  and  quartz  conglomerate  are  inters tratified  witn  talcose 
schist  (p.  037).  "Talcose  schist  is  associated  with  the  quarts-rock 
of  Mendon"  (p.  d34).  In  Goshen  "  the  quartz  rock  formatiou  is 
composed  of  hyaline  quarta,  talcose  schist,  and  argillo-talcooe 
schist"  (p.  C40).  In  Ripton  "  the  quartz-rock  is  composed  of  ten  ■ 
bands  of  different  rooks,  viz:  hyaline  quartz,  compaot  sandstone, 
talcose  and  chlorite  schist"  (p.  <t4S).  Speaking  of  the  belt  of"  tal- 
cose conglomerate"  it  says  that  it  includes  sandstones,  breceins, 
qnartzyte,  coarse  conglomerates,  talcose  schist,  novacnlite  schist, 
and  "talcose  schist  is  the  most  common  rock  in  the  belt** 
(pp.  886,  387). 

I  have  examined  this  association  of  hydromica  slate  and 
quartzyte  in  the  quartijrte  ridge  northeast  of  Rutland  (the  ridge 
making  the  western  boundary  of  the  town  of  Mendon),  Having 
on  my  second  visit  struck  the  ridge  at  a  different  point  from  that 
ezammed  on  my  first  visit,  I  waH  perplexed  by  Ending  hydromica 
slate  in  place  of  true  quartzyte ;  but  afterward  reached  an  ex- 
planation on  observing  the  gradations  of  one  rock  into  the  otheE. 
The  Geological  Chart  of  the  Vermont  Report  does  not  generallf 
represent  tnis  interstratifi cation  of  the  qoarta  and  hydronuca  slat^ 
as  the  Report  observes,  because  tbe  details  were  not  separately 
made  out  owing  to  the  intimate  relations  of  the  two.  It  is  shown, 
however,  in  Section  VTII,  where,  near  Ripton,  occars  the  remark 
"Quartz  rock  inter^tratified  with  talcose  schist;"  and  bands «f 
color  in  the  colored  section  represent  the  fact. 

8.  "Great  Fmtlt  of  Weata^  Vermont."  | 

Snake  iiounfain  is  a  north -an  d-south  ridge  of  Red  Sand-rooc 
several  miles  long,  situated  to  the  west  of  Middlebury,  within  i 
seven  miles  of  Lake  Cbmnplain.  It  lias  a  8tee[i  western  bet, 
and  gradual  eastern  slopes — the  former  across  the  stralilioatioe, 
and  tbe  latter  nearly  conforming  with  it.  Tfaia  WMlcrn  side  M 
the  course  of  a  great  fault. 

The  rock  of  Snake  Mountain  east  of  tbe  tattlt  is  tbfl  Reii 
Sand-rock  of  tbe  Vermont  Report,  and  tbia  contioycs  to  be  the 
surface  rock  eastward  to  Otter  Cl     '  " 

tremily  of  the  moimtjiin,  in  Bi 
there  are  the  succcasive  Low( 
inverted  position.     The  folloi 
position  of  the  beds  .jbaerved 

The  first  and  uppermost  " 
fossils  is  the  Cbazy ;  below  tl 
Hudson  River,  ao  that  the  "' 
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back  for  two  or  three  miles  upon  the  slate.  This  arrangemeDt 
in  the  main  prevails  along  tne  west  front  of  Snake  and  Buck 
Mountains  to  near  Vergennes. 


ChMMrj.  TmtoD  L,  CbAsr. 

(•n  HDitKD  BInr  ilitca. 
Mr.  WiDK'a  aectkin  In  BKdport,  octdbb  south  end  of  Snaka  UouoUin. 

"Along  the  highest  part  of  Snake  Mountain  no  slate  or  lime- 
stone is  seen  at  all.  At  the  north  end  of  the  mountain  the  Red 
Sand-rock  has  been  lifted  until  it  is  700  feet  above  the  level  of 
the  Hudson  River  slates  to  tbe  west,  while  at  the  south  end, 
four  or  five  milca  distant,  it  is  much  less  elevated.  Around  itH 
northwest  end,  only  the  Hudson  River  slate  is  seen.  Then  the 
Chazy  comes  in  behind  the  Trenton,  and  bnth  are  folded  over 
on  the  slate.  The  Cliazy,  Trenton,  and  the  Hudsnn  River  slate 
disappear  in  t!ie  same  ortler  farther  south.  The  Rwl  Sand-rock 
(Potadam)  appeai-s  to  have  been  pushed  up  and  thrust  west  over 
these  other  formations;  and  so  far  over,  opposite  the  hightMt 
port  of  the  mounttiin,  as  to  conceal  first  the  Chazy,  the  Trenton 
and  the  Hudson  River  beds;  then,  further  uoitli,  leaving  tk 
Hudaon  River  beds,  Trenton  and  Chazy,  along  the  lower  j«n.- 
of  the  mountain." 

Tbe  Chtzy  beds  on  the  west  of  the  fault  afford  large  ifmctmK, 
one  or  two  apeciea  of  Qrrtgcwas,  an  Orlkia;  the  ^\wt3tMnr- 

'  1  great  masses,  buudv.^«r- 
w    ooncntricus,    autf  wmm- 

I  River  slate  il«  ell 
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Prof.  Emmons  desoiibes  the  fault  at  Snake  Moaniain  and  giyes 
a  section  in  his  American  Geology  (vol.  I,  Part  2,  p.  87, 1855) ;  but 
his  section  seems  to  have  been  taken  north  of  the  point  detoribed 
by  Mr.  Wing ;  the  place  is  not  stated.  It  makes  the  formations 
to  the  west  of  the  fault  lie  in  regular  instead  of  inverted  order. 
Professor  Emmons  supposed  the  rock  of  Snake  Mountain,  raised 
by  the  faulting,  to  belong  to  his  Taconic  System  and  therefore 
pre-Silurian.  Pro£  Hitchcock,  in  the  Vermont  Geological  Report, 
gives  a  section  which  represents  the  mountain  uiithotU  the  fauU. 

9.   Concltisiane  of  Mr.  Wing  as  to  the  Geology  of  the  part  of 
Central  and  Southern  Vermont  investigated  oy  him, 

1.  The  hydromica  slates,  clay  slates,  Eolian  limestone  and 
quartzyte,  with  the  so-called  talcose  conglomerate  on  the  east, 
are  all  of  Lower  Silurian  age,  and  conformable  in  superposition. 

2.  The  Eolian  limestone  is  not  Taconic,  as  maoe  by  Prol 
Emmons ;  nor  of  some  one  formation,  as  implied  in  statements 
in  the  Vermont  Report  and  in  the  name  it  gave  it ;  nor  of  the 
Quebec  group,  as  inferred  by  Logan  ;  it  includes  Lower  Silurian 
limestones  or  various  periods,  the  Upper  Potsdam  or  Lower  Cal- 
ciferous,  Calciferous,  Quebec,  Chazy,  JBlack  River,  and  Trenton. 

8.  The  Red  Sand-rock  on  the  west  of  the  Eolian  limestone — 
admitted  to  be  Potsdam  or  Primordial  in  age — and  the  Quarts- 
yte  on  the  east  which  often  rises  into  mountain  ridges,  are  of  the 
same  formation,  and  come  nearly  or  quite  together  in  MonktoD, 
on  the  northern  limits  of  the  limestone  area. 

4.  These  rocks — the  Red  Sand-rock  and  Quartzyte — are  the 
western  and  eastern  borders  of  a  great  abraded  synclinal,  the 
axis  of  which  in  its  northern  part  has  a  slight  northward  rise 
(or  southward  dip),  the  sides  there  coming  together ;  and  which 
also  has  both  the  eastern  and  western  sides  of  the  fold  east- 
wardly  inclined,  the  dip  of  the  beds  being  generally  eastward. 
Between  its  borders  there  are,  in  some  parts,  subordinate  longi- 
tudinal abraded  anticlinals  and  synclinals. 

5.  The  slates  of  the  "  great  central  belt '^  are  of  the  age  of  the 
Hudson  River  slates  (or  that  of  the  Cincinnati  group),  for  the 
reasons  stated  on  page  345 — which  are  briefly  these :  (1)  the 
slate-belt  is  bordered  in  several  places  on  both  the  east  and  west 
sides  by  limestone  aflfording  Trenton  fossils  {Trinucleus^  eta), 
and  no  where  else  have  Trenton  fossils  been  found  in  the  Eolian 
limestone ;  (2)  there  are  also  narrow  north -and-south  outcrops 
of  limestones  containing  Trenton  fossils  over  the  interior  of  tne 
slate-belt,  as  if  brought  up  from  beneath  by  anticlinals ;  (3)  the 
slate-belt  is  plainly  underlaid  by  the  limestone  at  its  north  end; 
(4)  in  Whiting  the  Trenton  limestone  of  the  Sudbury  area  has 
a  direct  connection,  across  the  slate  area,  with  the  limestone  of 
Otter  Creek  valley,  east  of  the  belt,  which  also  is  Trenton  in  age 
— the  slate  being  \ntett\xip\fed  ''^iot  lotVj  or  fifty  rods." 
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The  Trenton  limestone  has  been  identified  west  of  or  within 
e  ''central  slate-belt,"  at  localities  but  a  few  miles  apart,  in 
.  the  towns  north  of  Oastleton  (the  most  southern  on  the  map 
ustrating  this  paper,  p.  885),  including,  in  succession,  Hub- 
rdton,  Sudbury,  Whiting,  Shoreham,  Cornwall,  Weybridge ; 
d  east  of  the  slate-belt,  in  Leicester,  Eastern  Cornwall  and 
iddlebury.  The  Chazy  limestone  adjoins  the  "  central  slate- 
It  *'  in  West  Rutland. 

6.  The  several  Lower  Silurian  limestone  formations  lie  in 
rth-and-south  belts,  with  the  lowest — the  Potsdam  and  Cal- 
:erous — nearest  to  the  Bed  Sand-rock,  or  to  the  Quartzyte, 
d  the  upper — the  Trenton  or  Chazjr — ^nearest  to  the  "central 
ite-belt  This  yiew  is  presented  in  the  section  from  East 
loreham  to  East  Liecester  on  p.  840. 

This  is  confirmed  as  regards  the  Trenton  limestone,  "Sparry 
nestone,"  by  the  list  of  its  localities  just  mentioned.  The 
lazy  ("  Rhynchonella  beds  ")  so  well  represented  by  fossils  at 
est  Rutland,  has  afforded  fossils  also  in  Leicester,  East  Corn- 
ill,  Middlebury,  and  the  same  fossils  have  been  found  on  the 
it,  as  on  the  west,  of  the  "central  slate-belt;''  while  the 
triped  stratum,"  which  is  a  marked  feature  of  the  Chazy, — 
,  way-mark  by  which  the  rook  can  be  recognized  without  its 
sils,  occurs  also  in  Middlebury,  in  the  western  part  of  Bran- 
n  by  the  Burgess  Field  farm  and  along  the  quarries  of  this 
rt  of  the  town,  in  the  western  part  of  Pittsford,  and  in  North- 
1  Salisbury ;  and  "doubtless  it  reaches  the  marble  quarries  of 
est  Rutland,  and  continues  south  through  Tinmoutb  and  the 
lole  State ;  and  in  this  formation  is  embraced  the  Birdseye  and 
ack  River  limestone&"  "  On  Crown  Point,  Lake  Champlain, 
38e  '  striped  beds '  are  largely  developed  at  the  old  Forts,  and 
5  perhaps  100  yards  beneath  the  Black  River  limestone — 
lether  in  the  Cfhazy  or  Birdseye  is  not  known.  There  is  a 
atum  of  seemingly  pure  sandstone,  resembling  the  Potsdam, 
erlying  them  at  Crown  Point  These  facts  may  help  to  solve 
3  age  of  the  same  'striped  beds'  in  Addison  County." 
The  groups  affording  the  lowest  Calciferous  fossils  on  the  west 
the  "  central  slate-belt "  occur  next  to  sandstones  of  the  Red 
ndstone  formation ;  and  also  at  two  localities  north  of  Mid- 
;bury,  adjoining  beds  of  quartzyte,  or  where  the  limestone 
d  quartzyte  come  together.  The  "  Ophileta  beds,"  or  those 
:erred  to  the  Upper  Calciferous,  come  next,  being  more  remote 
»m  the  sandstone  or  quartzyte,  as  found  to  be  true  in  Shoreham, 
estern  Cornwall,  Weybridge,  Middlebury  and  New  Haven. 
The  beds  occur,  with  their  fossils,  in  Salisbury,  Leicester  and 
"andon. 

The  eastern  range  of  limestone,  or  that  forming  the  eastern 
u^n  of  the  great  Eolian  belt,  a  mile  in  width  in  many  places 
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but  narrower  to  the  north,  is  concluded  to  be  Calciferons  or 
Upper  Potsdam,  because  it  adjoins  the  quartzjte,  and  is  dolo- 
mitic,  the  limestone  nearest  to  the  outcrops  of  quartzyte  in 
Northern  Middlebury  and  New  Haven  bein^  proved  by  ita 
Orthoceratfi  to  be — like  that  nearest  the  Red  Sand-rock  to  the 
west  of  Shoreham-- of  Calciferous  age,  if  not  Upper  Potsdam. 

The  localities  affording  the  Calciferous  fossils  (Opbileta  beds) 
in  Salisbury,  Leicester  and  Brandon  lie  a  little  to  the  west  of 
the  great  marble  formation ;  and  this  marble  formation  is  con- 
sidered the  equivalent  of  the  western  "Subcrystalline  lime* 
stone"  iust  above  the  f ucoidal  sandstones  or  Upper  Potsdam. 
The  dolomites  farther  east  belong  to  the  Upper  Ked  Sand-rock 
series,  or  else  the  bottom  of  the  Calciferous,  as  has  been  else- 
where stated. 

The  later  formations  extend  less  far  north  than  the  older 
because  of  the  inclined  axis  of  the  great  abraded  synclinal: 
"the  Hudson  River  slates  (those  of  the  "central  slate-belt*') 
reaching  central  Weybridge;  the  Trenton,  about  a  mile  farther; 
the  Rhynchonella  beds  five  or  six  miles  farther  north ;  and 
finally  these  disappear,  owing  to  the  rising  into  view  of  the 
Red  Sand -rock/* 

7.  The  q^uartzyte  of  the  eastern  range,  with  that  also  of  the 
local  belts  in  the  Eolian  limestone  area,  is  r^arded  as  Potsdam 
(or  Primordial)  in  age,  because  it  contains  in  many  places  Sco- 
lithi  (worm-burrows)  and  Fucoids  like  those  found  in  the  Pots- 
dam sandstone;  because  also  it  adjoins  Calciferous  limestone 
beds  at  the  localities  just  mentioned  in  North  Middlebury  and 
New  Haven ;  and  because  it  joins  the  Red  Sand-rock  in  Monk- 
ton,  and  one  rock  has  in  many  places  the  character  of  the  other, 
although  not  commonly  alike  in  color,  and  showing  differences 
explainable  on  the  ground  of  the  greater  metamorphism  of  the 
quartzyte.  "In  Monkton,  the  Red  Sand-rock  and  the  Quartz- 
yte meet  in  a  succession  of  short  anticlinals,  thus  cutting  off  to 
the  north  the  great  trough  or  synclinal;"  and  "the  Red  Sand- 
rock  absolutely  overlies  the  beds  of  Red  Sand-rock  in  one  anti- 
clinal and  the  quartzyte  in  another  anticlinal,  and  both  bold 
ScolMus  linearis, 

8.  The  quartzyte  belt  of  Rutland  Center  (just  north  of  Rut- 
land), with  the  associated  slate,  extends  north  by  Sutherland 
Falls  nearly  to  Forestdale,  and  it  runs  south  of  Rutland  Center 
into  Clarendon  and  Tinmouth.  It  lies  throughout  within  the 
Eolian  limestone  area.  But  it  is  seen  on  the  map  that  the  area 
is  on  the  line  of  strike  of  the  quartzyte- range  north  of  Pittsfori 
This  quartzyte  is  regarded  as  Potsdam ;  and  the  limestone  which 
lies  directly  to  the  west  of  it  (half  way  from  Rutland  to  the 
West  Rutland  valley)  is  supposed  to  be  possibly  the  "Ophileta 
beds"  or  Upper  Ca\c\lerov\^,  «A\d  the  "  Conglomerate''  or  Quebec 
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roup.  "But  this  narrow  valley  is  a  very  disturbed  region. 
ad  the  limestone  seems  to  be  greatly  compressed  between  the 
aartzyte  belt  on  the  east  and  the  slate  belt  on  the  west  (sep- 
rating  it  from  West  Rutland  valley)."  "The  region  was  stud- 
)d  farther  south  in  the  valley  as  well  as  to  the  north,  to  ascer- 
liti  what  rocks  occurred,  and  the  conclusion  was  that  nearly 
11  the  formations  found  in  other  places  here  occur;  that  is,  the 
Ider  on  the  east  against  the  quartzyte  (No.  1\  and  then  the 
thers  in  succession,  with  the  Trenton  against  the  slate  bound- 
)g  the  limestone  on  the  west  while  the  slate  is  No.  8  or  the 
[udson  Biver  slate."    No  fossils  were  found  in  it 

10.  Historical  Note. 

• 

The  preceding  notes  have  been  taken  chiefly  from  the  letter  from 
fr.  Wmg  to  me  dated  August  0,  1872.  Thev  show  that  his  view, 
bat  there  are  Hudson  River  slates  in  the  Eolian  limestone  region, 
Dtedates  my  own ;  for  my  paper  on  the  subject  was  not  published 
Dtil  1878,  and  there  bad  been  no  communication  between  us  before 
ben  on  the  subject,  oi*  on  any  subject.  Moreover,  my  own  views 
8  to  the  age  of  the  Berkshire  rocks  were  based  chiefly,  as  I  stated, 
D  Mr.  Wing*s  discoveries  in  Vermont.    I  cite  the  following  from 

letter  to  me,  of  May  8,  1875,  written  soon  after  be  bad  flrst  seen 
ly  paper  on  the  subject — a  letter  never,  however,  received  by  me 
ntil  his  pafiers  were  recently  put  into  my  bands.  It  shows  that 
is  conclusions  date  as  far  back  as  1 866. 

"When,  in  1866,  the  TrinucUus  concentricus  and  other  Tren- 
>n  fossils  were  found  first  in  Sudbury,  underlying  on  the  west 
ide  the  great  central  mass  of  slate  running  south  from  Wey- 
^ridge  through  the  State,  embracing  the  "Talcoid  schists  "  cap- 
ping Dorset  and  Manchester  Mountains,  Mount  Anthony  m 
lennin^ton,  and  also  Oraylock  in  Massachusetts,  I  reached  the 
oDclusion  at  once  that  all  these  slates  in  Southwestern  Vermont 
nd  Southwestern  New  England  were  neither  of  the  Quebec 
roup,  nor  Taconic,  but  of  tne  age  of  the  Hudson  River  slate. 
n  the  progress  of  my  investigations,  I  assumed,  and  I  often 
xpressed  in  correspondence  with  Mr.  Billings,  that  the  'Eolian 
imestone'  of  the  Vermont  Geological  Report  embraced  not 
nly  the  Trenton  and  Hudson  River  beds,  but  all  the  formations 
{ the  Lower  Silurian  as  well,  and  even  limestones  and  dolomites 
f  the  Red  Sand-rock  series.  I  was  wrong  at  first  in  assuming 
bat  these  same  slates  overlying  the  Trenton  and  Chazy  lime- 
tones  along  this  central  belt  extended  also  west  to  the  Hudson 
liver  and  were  all  of  the  same  age.  For  the  Primordial  fossils 
ecently  collected  at  Bald  Mountain,  Washington  Co.,  and  east 
f  Troy,  New  York  (both  of  which  places  I  have  visited),  have 
Qodified  my  view  as  to  the  western  extent  of  the  Hudson  River 
late&  But  they  have  not  weakened  my  belief  in  their  existence 
a  Southwestern  Vermont  and  New  England." 
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From  the  preceding  acoonnt  of  Mr.  Wing's  disooyeries  it  is  evi-' 
dent  that  he  performed  well  the  task  he  laid  down  for  himself 
in  1865 — the  determination  of  the  age  of  the  Eolian  limestone. 
Knowing  that  fossils  were  the  only  sore  criterion  of  geological 
age,  he  searched,  and  he  found  them,  and  thus  reached  sure  concln^ 
dons.  For  the  western  portion  of  the  Eolian  limestone  and  more 
than  half  the  eastern  (that  of  Otter  Creek  Valley),  the  special  ^^ 
logical  age  was  thus  determined,  and  the  several  Lower  Silurian 
formations  identified.  He  further  made  a  right  use  of  the  facts, 
when,  in  view  of  the  Trenton  and  Chazy  age  of  the  fosdls  in  lime- 
stone along  the  borders  of  and  within  the  ^  central,  slate-belt,'*  and 
the  observation  that  the  beds  more  remote  are  successively  older— 
he  deduced  that  the  slates  were  younger  than  the  limestones 
holding  the  Trenton  fossils,  and  therefore,  in  all  probability,  of 
the  Hudson  River  (or  Cincinnati)  group,  and  that  they  lay  m  a 
synclinal  with  Trenton  and  older  limestones  beneath  and  on  either 
side. 

The  more  highly  metamorphic  condition  of  the  limestones  mat 
ing  the  eastern  border  of  the  Eolian  limestone  prevented  his  giv- 
ing to  the  geology  of  this  part  of  the  region  tne  same  positive 
basis  from  fossils  which  he  had  obtained  for  the  rest. 

The  Quartzyte  also  proved  almost  barren,  yielding  him  only 
Scolitki  and  Jtucoidsy  neither  of  which  serve  to  fix  positively  the 
age  of  the  beds.  His  argument  with  respect  to  it  from  the  well* 
defined  Calciferous  fossils  found  adjoining  quartzyte  at  three  dif> 
ferent  localities  on  the  west  and  north  is  however  a  strong  one, 
and  seems  to  set  the  question  at  rest  for  those  outcrops.  The 
Vermont  Geological  Report  states  that  the  eastern  Quartzyte 
range,  near  Rockville  in  Starksboro,  has  afforded  a  Xtnyu/cr-^the 
specimen  containing  "  scores  of  fossils  but  none  very  distinct'^ — 
which  Prof.  James  Hall  '^  regards  as  a  new  species  related  to  one 
in  the  Medina  sandstone,"  and  as  evidence  '^  though  unsatisfao- 
tory"  that  the  quartzyte  is  of  the  age  of  the  Medina.  From  the 
same  Quartzyte  range  farther  south,  in  the  vicinity  of  Lake  Dan- 
more,  Prof.  (j.  B.  Adams,  as  it  states,  found  a  shell  near  a  ModM- 
lopsis  in  form ;  also  a  tapering  shell  looking  like  an  Orihoeenu, 
Yet  the  determinations  of  all  these  fossils  are  admitted  to  he 
doubtftil,  and  the  question  of  age  is  still  an  open  one. 

One  of  the  most  important  points  establisned  by  Mr.  Wing  is 
the  conformability  of  tne  Lower  Silurian  formations  throughout 
the  region.  From  the  Red  Sand-rock,  or  Primordial,  upward  they 
make  one  consecutive  series,  and  all  are  involved,  as  Mr.  Wing 
urges,  in  one  system  of  83mclinals  and  anticlinals.  llie  quartzyte, 
hydromica  slates,  and  limestones,  associated  on  the  eastern  border 
of  the  region,  and  the  great  bands  of  limestone,  hydromica  slate 
and  clay  slate  (or  roofing  slate),  with  some  quartzyte,  making  the 
center  and  western  portion,  are  of  one  system,  and  took,  together, 
their  present  positions.  The  great  fault  which  made  Snake 
Mountain  was  simply  one  of  the  breaks  and  displacements  at- 
tending the  mountain-making  movement,  as  shown  years  since  by 
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u  The  obBervatioDS  of  Mr.  Wii^g  afford  nothing  to  sustain 
ew  that  there  was  an  epoch  of  disturbance  in  the  region  at 
ose  of  the  Primordial  or  Cambrian  period,  but,  on  the  con- 
they  prove  that  the  rocks  went  on  forming  in  regular  sue- 
n  nearly  or  quite  to  the  close  of  the  Lower  Silurian ;  and 
hen  followed,  as  Mr.  Wing  jconcludes,  the  epoch  of  upturn- 
id  metamorphism.  The  making  of  the  Green  Mountains  has 
ftny  years  been  referred  by  some  geologists  to  this  epoch,  on 
ans  of  the  fossils  in  the  limestones  of  Vermont  These 
developments  leave  no  doubt  that  this  view  is  right,  at  least 
'  as  the  Eolian  limestone  of  Vermont  and  the  associated 
B  and  quartzyte  are  concerned. 

another  number  of  this  Journal  I  will  close  this  subject  by 
g  tiie  bearing  of  the  Vermont  factiEi  on  the  geology  of  Berk- 


XLIV. — On  Barite  crystals  from  the  Last  Chance  Mine^ 
rgan  County ^  Missouri;  and  on  ObthOsfrom  Adair  County^ 
isouri;  by  G.  C.  Broadhbad. 

1.  Barite  from  Morgan  County^  Missouri, 

E  rocks  of  the  barite  locality  in  Morgan  County,  Missouri, 
:  the  i^e  of  the  Second  Magnesian  Limestone.  A  shaft  haa 
sunk  in  a  spring  through  masses  of  tumbled  rock  display- 
hat  seemed,  in  Missoun  miners'  parlance,  to  be  a  '^  circle  " 
out  twenty  feet  diameter.  This  '*  circle  "  was  found  to 
led  with  fractured  masses  of  limestone,  sandstone  and 
or  forty  feet  in  depth,  or  to  the  bottom  of  the  shaft  when 
ted  it.  These  masses  of  rock  were  often  found  studded 
97ith  beautiful  crystals  of  barite.  The  galenite  was  also 
covered  with  such  crystals.  In  some  cases  a  thin  coating 
.nsparent  barite  covered  the  rock  to  which  the  crystals 
ed,  but  they  were  often  seen  loosely  adhering  to  the 
I  rock. 

3  form  of  these  crystals  is  different  from  any  heretofore 
in  Missouri.  They  are  elongated  into  prismatic  forms 
n  the  direction  of  the  macrodiagonal  axis  and  are  attached 
I  rock  by  one  of  its  extremities.  The  development  of  the 
plane  gives  them  a  flattened  appearance.  The  free  ex- 
by  of  the  crystals  is  gradually  sharpened  off  to  a  thin 
through  the  presence  of  very  low  macrodome.  This  is  so 
ilarly  developed,  however,  as  not  to  admit  of  trustworthy 
irements,  but  seems  to  have  the  symbol  ^t.  The  central 
m  of  all  the  crystals  toward  the  attached  extremity  is 
jtly  transparent.  This  clear  portion  has  a  rhombic  form 
iponding  to  the  fundamental  (cleavage)  prism,  and  is 


420  0.  C.  Broadhead  on  OothiUfrom  Missouri 

very  sharply  defined,  the  remainder  of  the  crystals  being  of  an 
opaque  milky  white. 

There  being  a  spring  of  water  in  the  mine,  the  water  may 
be  sometimes  charged  with  an  excess  of  mineral  solutions. 
The  lead  has  probably  been  deposited  from  an  aqueous  solu- 
tion and  the  barite  from  similar  and  more  recent  solutions. 
The  waters  also  seem  to  have  subsequently  held  iron  oxide  in 
solution  as  some  of  the  crystals  of  barite  are  coated  with  it 

A  crystal  in  my  possession  from  the  Cord  ray  mines,  but 
probably  from  same  mine  as  the  above,  possesses  similar  char- 
acteristics. It  is  of  rhombic  form,  about  two  inches  long  and  a 
half  inch  thick ;  the  edges  are  bevelled  by  the  plains  ^f  which 
gave  on  measurement  the  angle  77®  40 .  It  has  a  border  a 
half  inch  wide  of  white  opaque  barite,  the  outer  angle  sharp, 
inner  angle  truncated,  and  the  remainder  is  clear  mineral, 
which  corresponds  in  shape  to  the  cleavage  prism ;  the  direction 
of  the  cleavage  is  also  indicated  by  cracks  across  the  crystaL 
The  white  portion  of  this  crystal  would  seem  to  indicate 
alteration,  but  that  can  hardly  be  the  cause  of  the  similar 
appearance  of  the  crystals  from  the  Last  Chance  mine. 

2.   On  the  OOthitefrom  Adair  County^  Missouri, 

The  Coal  measures,  it  is  well  known,  often  contain,  within 
the  thicker  shale  beds,  interstratified  beds  of  clay  ironstone, 
sometimes  in  connected  layers,  at  other  times  in  concretionary 
masses,  occurring  along  a  marked  horizon.  These  concretions 
are  often  reticulated  by  calcite  veins,  one  system  in  concentric 
lines,  the  other  crossing  them;  they  are  generally  termed 
septaria. 

In  1873,  while  examining  the  structure  of  the  formations  on 
Chariton  Kiver,  Adair  County,  Missouri,  I  broke  open  a  num- 
ber of  the  concretionary  masses  which  were  reticulated  by 
veins  of  calcite  from  a  quarter  to  half  an  inch  wide,  occasionally 
widening  into  small  cavities  one-eighth  to  one-half  an  inch 
high,  lined  with  calcite  crystals  reposing  on  the  more  compact 
calcite  of  the  vein.  Upon  and  sometimes  interpenetrating 
these  crystals  are  small  slender  acicular  crystals  of  blaci 
gothite,  generally  not  more  than  an  eighth  of  an  inch,  bat 
sometimes  as  much  as  three-fourths  of  an  inch,  in  length.  The 
gothite  is  generally  aggregated  in  bundles  at  the  base  of  the 
calcite  from  which  they  radiate.  Sometimes  a  single  crystal 
will  shoot  directly  through  a  calcite  crystal.  Sometimes  also, 
a  single  point  of  a  quartz  crystal  will  be  seen  penetrated  in 
various  directions  by  the  gothite.  The  calcite,  often,  has  its 
angles  bevelled  or  rounded,  and  they  were  sometimes  colored 
red  on  the  surface  as  was  also  a  little  of  the  gothite.  Minute 
velvety  balls  of  gothite  not  larger  than  the  one- thirty -second 
of  an  inch  were  also  ioxixid  T^^«yii%Qi\i  the  calcite. 
Pleaiant  Hill,  Ko,  lUxoh,  \%*in. 
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lBT.  XLV. — Estimation  of  Chromitim  and  Aluminium  in  Steel 

and  Iron  ;  by  Andrew  A.  Blair. 

Having  had  occasion,  several  years  since,  to  examine  a  num- 
er  of  samples  of  so-called  "  Chrome-steel,"  for  the  percentage 
r  chromium,  I  began  by  searching  for  this  element  in  the  resi- 
ae  lefk  after  acting  on  the  steel  with  dilute  HCl,  as,  in  the  case 
Feast-iron,  this  plan  is  recommended.*  Failing  to  find  it  here, 
ccept  in  very  small  amounts,  there  seemed  to  remain  two 
lethods  of  procedure :  the  first  being  to  fuse  the  sample  with 
Ta-COs  ana  KNOs,  either  directlyf  or  after  oxidizing:}:  by 
CnOs  and  evaporating  to  dryness;  the  second,  to  treat  the 
>lTition  of  the  steel  containing  the  iron  as  a  ferric  salt,  with 
J50,  NajCOs  or  NaaCOs,  and  NaC2H802,  in  excess,  and  in 
lis  alkaline  or  acetic  acid  solution  oxidizing  the  Cr208  to 
rOj,  by  means  of  Br,  01,  PbOj  or  KMn04,  which  combines  with 
le  alkali  as  a  soluble  alkaline  chromate,  while  in  the  cold  or 
pon  boiling,  the  iron  is  precipitated  as  hydrated  sesquioxide 
r  basic  acetate.§  While  both  of  these  general  methods  will 
ndoubtedly  give  good  results,  when  large  amounts  of  chromium 
re  present,  so  that  small  amounts  of  the  original  substance  can 
e  operated  upon,  they  present  many  objectionable  features  when 
le  percentage  of  chromium  is  small,  and  the  amount  of  steel 
r  iron  that  must  necessarily  be  used  is  correspondingly  large, 
'he  principal  objections  are,  in  the  first  method,  loss  by  spirt- 
iff  auring  fusion,  and  in  both,  the  difficulty  of  washing  the 
oluminous  precipitate  of  iron  free  from  altaline  chromate. 
L  third  general  method,  viz:  separating  the  Cr208  from  the 
•cjOs  by  means  of  V,JS.Jd^  NH4HO,  and  NH4HS,  exactly 
3  in  the  separation  of  AI2O8  and  FcjOa,  might  be  added,  but 
le  difficulty  of  washing  such  a  mass  of  ferrous  sulphide  seemed 
uite  impracticable,  and.  the  method  was  not  even  attempted. 

By  means  of  barium  carbonate,  Cr208  may  be  perfectly  pre- 

Eitated,!  and  thus  separated  from  the  great  mass  of  the  iron, 
ich  in  a  hydrochloric  acid  solution  of  the  steel  would  exist 
3  a  ferrous  salt     Following  out  this  plan  the  result  was  the 
)llowing  method. 
Five  grams  of  borings  or  drillings  are  weighed  out  into  a  flask. 

*  Wdhler's  Mineral  Analysis  (Nason),  p.  204. 

WattB's  Diet  of  Chemistry,  vol.  iii,  p.  374. 

Bose's  OhinL  AnaL  Quant.,  (French  ed.,  1862),  p.  987. 
_  Grookes's  Select  Methods,  p.  127.    W.  Gibbs  in  Am.  Joum.  Science  (II),  xzziz, 
3.    Ohaocel,  Compt^tendus,  x]iii,  927. 

iBoae,  CbJm.  AiiaL  Quant,  p.  513.    Fresenius,  Quant  Chem.  Anal.,  yi  ed.,  Eng- 
p.  379. 

Am.  Joub.  801.— Thibd  Sbbibs,  Vol.  Xm,  No.  78.— Jumb,  1877. 
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of  about  one-half  liter  capacity,  twenty  cubic  centimeters  strong 
HCl  diluted  with  three  to  four  times  its  volume  of  water  poured 
in,  and  the  flask  closed  with  a*  rubber  stopper,  provided  with  a 
valve,_  such  as  is  used  in  dissolving  iron  wire  in  volumetric 
analysis.     Heat  is  applied  as  required,  and,  when  all  the  steel 
is  dissolved,  a  solid  stopper  is  quickly  substituted  for  the  one 
with  the  valve,  and  the  flask  and  contents  cooled.     When  cold, 
the  solution  is  diluted  with  cold  water  until  the  flask  is  about 
three-fourths  full,  and  a  slight  excess  of  BaCOs  added  with  con- 
stant agitation.     The  BaCOs  should  be  free  from  BaS04,  ^  i^ 
obscures  the  reaction,  and  too  great  an  excess  should  be  avoi- 
ded.*   The  flask  should  be  thoroughly  shaken  several  times, 
loosening  the  stopper  occasionally  to  allow  the  CO}  to  escape, 
and  allowed  to  stand  over  night.     It  is  then  filtered  as  rapioly 
as  possible,  the  flask  rinsed  out  several  times  with  cold  water, 
and  the  precipitate  on  the  filter  (consisting  of  all  the  Cr,Ofc 
the  residue  from  the  steel  insoluble  in  dilute  HCl,  some  Fe^O, 
and  the  excess  of  BaCOs)  washed  well  with  cold  water.     The 
filter  is  then  punched  and  the  precipitate  washed  into  a  small 
clean  beaker,  the  portion  adhering  to  the  sides  of  the  flask  dis- 
solved in  HCl,  which  is  poured  on  the  filter  and  the  filter 
cleared  from  any  Fe208  by  HCl  and  thorough  washing  with 
hot  water.f    If  sufficient  flCl  has  not  been  us^  in  clearing  out 
flask  and  washing  filter,  enough  is  now  added  to  dissolve  all 
the  Fe208t  CrgOs,  BaCOg  in  the  beaker,  the  solution  diluted, 
boiled  and  the  FejjOg  and  Cr208  precipitated  by  NH4HO,  the 
boiling  being  continued  until  all  smell  of  NH4HO  has  disap- 
peared.    This  precipitate  is  filtered  and  washed  thoroughly  with 
hot  water  to  get  rid  of  all  BaCl2 ;  dried  and  transferred  to  a  pla- 
tinum crucible,  carefully  separating  the  filter,  which  is  ignited 
and  the  ashes  added  to  the  precipitate  (which  should  not  be 
heated).     A  mixture  of  three  grams  NagCOs  and  one-half  gram 
KNOs  is  now  added,  and  the  whole  fused  carefully,  the  heat 
being  raised  gradually  until  all  the  KNOs  is  decomposed.     After 
cooling,  the  fused  mass  is  treated  with  hot  water,  and  the  solu- 
ble portion  containing  the  Cr  as  alkaline  chromate,  with  the 
excess  of  the  alkalies,  separated  from  the  FcjOs  by  filtration, 
the  precipitate  and  filter  being  thoroughly  washed  with  hot 
water.     The  filtrate  is  acidulated  with  HCl,  and  evaporated  to 

*  It  is  almost  impossible  to  buy  BaCOa  free  from  BaS04,  the  Tery  best  bnods 
containing  from  5-30  p.  c.  of  BaSO^ .  I  prepare  my  own  by  dissolving  BaClf  in 
water,  filtering,  adding  large  excess  of  NH4H0  and  passing  GOt  into  solutioiL 
until  all  the  barium  is  precipitated  as  BaOO^,  washing  thoroughly,  drying,  tnd 
grinding  in  water  to  the  consistency  of  cream. 

f  If  it  is  desired  to  determine  the  chromium  soluble  in  dilute  HGl  alone,  or  sep- 
arately from  that  which  remains  in  the  insoluble  residue,  %»  filter  should  not  be 
punched,  but  the  Fe«0:t,  0,0^,  and  BaCO,,  dissolved  on  the  filter,  in  dUute  HCL 
and  a  separate  determination  made  of  the  Cr  in  the  insoluble  residue  (which  re- 
mains on  the  filter)  by  bwmmg  the  filter  and  fusing  with  NstCO,  and  KNO,. 


A.  A.  Blair — Chromium  and  Aluminium  in  Steel  and  Iron,   428 

dryness  with  a  little  alcohol ;  when  thoroughly  dry,  the  Cr208 
is  dissolved  in  HCl,  diluted  and  filtered  from  silica,  the  Cr208 
precipitated  by  NH4HO,  filtered  with  the  usual  precautions, 
ignited  and  weighed  as  Cr208,*  calculated  to  Cr  by  the  factor 
0-6858.     Atomic  weight  of  Cr  62-2. 

The  only  impurity  this  precipitate  can  contain  is  a  little 
AljOs,  partly  from  the  Al  in  the  steel,  and  partly  as  an  impurity 
in  the  NajUOs  and  K^fOj.  The  best  method  for  separating 
this  impurity,  is  to  add  to  the  solution  of  alkaline  cnromate 
obtained  above  (after  fusion  and  filtration  from  FcjOs)  an  excess 
of  KCIO3,  then  a  slight  excess  of  HCl,  and  evauorate  to  syrupy 
consistency  on  the  water  bath,  adding  a  little  ifcClOs  from  time 
to  time,  so  that  there  may  always  be  an  excess  to  decompose 
any  HCl.  Bedissolve  in  water,  add  a  slight  excess  of  (NH4)j 
COa,  and  boil  oflF  all  smell  of  the  latter,  filter,  wash  with  hot 
water,  add  to  solution  an  excess  of  HCl  and,  after  the  greater 
part  of  the  KClOj  is  decomposed,  a  little  alcohol,  and  precipi- 
tate the  CraOs  as  beforaf  In  Genth's  method  (loc.  cit)  of  evap- 
orating the  solution  of  alkaline  chromate  nearly  to  dryness  on 
the  water  bath,  with  an  excess  of  (NH4)N08,  a  minute  amount 
of  CrOs  is  reduced  to  Cr^Oj,  and  precipitated ;  it  is  conseq^uently 
filtered  oflF  with  the  AlaOa,  SiOj,  etc.,  and  lost,  unless  this  resi- 
due should  be  treated  separately  to  regain  this  Cr208,  which  very 
much  complicates  the  process.  If  in  the  filtrate  so  obtained  the 
CrOs  is  precipitated  by  HgNOs  as  Hg20,  Hg2Cr04,  some  of  the 
chromium  salt  nearly  always  passes  into  solution  upon  filtering, 
and  can  be  detected,  sometimes  in  very  considerable  amounts, 
in  the  filtrate.  The  same  thing  occurs  if  this  method  of  precipi- 
tation is  used,  after  neutralizing  the  solution  of  alkaline  chro- 
mate (obtained  by  fusion  with  Na2C08  and  E^I^Oj,  and  filtering 
from  the  Fe208)  by  HNOj.  In  all  cases  I  have  obtained  the 
most  satisfactory  results  by  reducing  the  Cr08  to  GyiO^  precipi- 
tating by  NH4HO,  and  weighing  as  Cr208. 

This  method  for  estimating  chromium  in  steel  may  apoear  a 
little  tedious,  but  quite  a  number  can  be  made  at  once  and  only 
about  three  to  four  days  is  required  for  a  complete  estimation. 
The  accuracy  is  all  that  can  be  desired  and  the  delicacy  of  the 
method  in  detecting  and  estimating  very  small  amounts,  greater 
than  that  of  any  method  I  have  used.  I  think  I  can  safely  say 
that  it  is  delicate  to  0'005  per  cent  of  Cr.  The  amount  of 
FcjOa  usually  precipitated  by  the  BaC08,  with  the  Cr208  is  about 
'i'Ob  gram. 

For  techinal  work  the  method  can  be  very  much  shortened 
by  fusing  the  precipitate  by  BaC08j  with  Na2C08  and  KNOa  or 

*  For  precautioiiB  neceesary  to  free  CrcOa  from  alkaline  salts,  see  Oenth  in 
ZShem.  News,  yi,  30.    Fres.  CbenL  Anal  Quant,  387. 

f  Dexter's  method,  see  Rose,  Ghim.  Anal.  Quant,  p.  620.  Fresenius,  Ghem.  Anal, 
^uiaot,  p.  372.     Pogg.  Anal.,  Ixxzix,  142. 
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KClOs  (when  KClOs  is  used  instead  of  KNOs  t^©  precipitate 
must  be  thoroughly  ground  in  and  incorporated  witn  the  flux 
before  fusing)  dissolving  in  water,  filtering,  and  determining  the 
CrOs  volumetrically.  The  results  obtamed  in  this  way  are 
fairly  good,  but  are  apt  to  be  a  little  low. 

Aluminium^  nearly  always  exists  as  such  in  steel,  and  may  be 
estimated  with  great  accuracy  by  proceeding  exactly  as  in  the 
above  method  for  the  determination  of  chromium,  until  after 
filtering  and  washing  the  precipitate  by  BaCOj,  which  is  then 
dissolved  on  the  filter  in  dilute  HCl  and  the  solution  allowed 
to  run  into  a  small  clean  beaker.  This  solution  is  diluted, 
boiled,  and  the  barium  precipitated  by  a  slight  excess  of  dilute 
H3SO4 ;  the  BaS04  allowed  to  settle,  filtered,  washed,  and  the 
filtrate  evaporated  nearly  to  dryness  to  get  rid  of  the  excess  of 
acid.  This  solution  is  then  diluted,  and  the  FcqC,,  and  AltQj 
separated  by  C4He06,  NH4HO,  and  NH4HS.  If  the  steel  con- 
tains any  chromium  it  will  be  with  the  Al^Oj,  and  must  be  sepa- 
rated by  fusing  the  residue  obtained  by  running  to  dryness  the 
filtrate  from  the  FeS  and  igniting  with  NajCOj,  ana  KNOs; 
dissolving  in  water  and,  without  filtering,  adding  KCIO3  ^^ 
HCl,  as  before  in  the  separation  of  AljOj,  and  CrjOj.  The  AljOs 
obtained  on  precipitating  by(NH4)2C08  will  be  contaminated 
by  small  amounts  of  SiOa,  and  CaO  (from  the  C4HeOe)  from 
which  it  can  be  separated  by  dissolving  on  the  filter  in  HCl, 
after  washing  free  rrom  alkaline  chromate,  into  a  small  clean 
beaker,  running  to  dryness  to  render  SiOa  insoluble,  dissolving, 
in  HCl,  filtering,  and  precipitating  the  Al^Os  by  NH4HO,  being 
careful  to  boil  off  all  smell  of  NH4HO.  After  filtering  and 
careful  washing  the  precipitate  can  be  dried,  ignited,  and 
weighed  as  AlaOg,  calculating  to  aluminium  by  the  factor 
0  5331.     Atomic  weight,  27-4.      • 

The  great  solubility  of  the  Cr  of  chromium  steel  in  the  most 
dilute  HCl  certainly  seems  to  indicate  the  existence  of  a  true 
alloy  of  iron  and  chromium,  and  that  a  large  part  at  least  of  the 
chromium  exists  as  such,  and  not  as  an  oxide  or  in  any  inter- 
mingled slag.  Mr.  E.  Eiley,*  at  a  meeting  of  the  Chemical 
Society,  March  15,  1877,  presented  some  specimens  of  chromium 
pig-iron  containing  from  six  to  seven  per  cent  of  Cr.  He  men- 
tioned the  fact,  during  his  remarks,  that  the  Cr  had  dissolved 
with  the  Fe  in  the  course  of  analysis.  The  president,  Professor 
Abel,  F.RS.,  said  that  he  had  examined  a  specimen  of  the  so- 
called  chromium  steel,  but  had  found  a  mere  trace  of  chromium 
in  it  It  was  possible  however,  he  said,  that  the  chromium 
exerted  a  function  in  the  production  of  the  steel,  but  was  elim- 
inated at  some  stage  in  the  process,  so  that  it  did  not  appear  in 
the  finished  steel. 

*  CY\em\ca\'S©w»,^o.^^4,\t«rch  23,  1877. 


61  L,  Penfield — Chemical  Compontion  of  Triphyliie.      425 

In  this  connection  the  following  analyses  may  not  prove  nn- 
interesting,  showing  as  they  do  that,  in  some  cases  at  least,  the 
chromium  does  **  appear  in  the  finished  steeL" 

Sulphur, 0*005  per  cent,  trace  trace 

Phosphorus, 0*021  "  0*020  per  cent  0*006  per  cent. 

Silicon, 0*129  "  0*189  "  0*279  " 

Total  carbon, 0*826  **  0*936  "  1  -1 99  " 

Comb,  carbon, 0*81 1  "  0*920  "  1  *1 86  " 

Graphitic  carbon,  .- 0*014  "  0*016  "  0-013  " 

Manganese, 0*246  "  0*062  "  0*039  " 

Copper, 0*007  "  0010  "  0*006  " 

Nickel, trace  0*023  "  0*021  " 

Cobalt, 0'016-  "  trace  0*018  •* 

Aluminium, 0*034  "  0*029  "  0*026  " 

♦  Chromium, 0*651  "  0*228  "  0*916  " 

Chromium,  soluble,.  0*616  "  0*212  "  0-899  " 

Chromium  in  residue,  0*021  ^'  trace  trace 

Slag, 0*320  " 

The  determinations  of  Cr  marked  *  were  made  by  the  first 
method  without  the  separation  of  Al,  and  consequently  are  a 
little  higher  than  the  sum  of  the  '*  chromium  soluble  in  dilute 
HCl,"  and  "  chromium  in  residue,"  which  were  determined  in 
the  portion  and  by  the  method  taken  for  estimation  of  Al. 

The  "  slag"  in  the  first  analysis  given  above,  was  determined 
by  the  "iodine"  method  and  contained  by  analysis  VeJO^ 
0*110  per  cent,  CrjOs 0*160  percent  undetermined  0*50  per  cent, 
total  0*820  per  cent 

LAboratoiy  of  U.  S.  Board  appointed  to  test  Iron,  Steel,  eta  ) 
Watertown  Arsenal,  Mass.,  April  14,  1877.  f 


Art.  XLVI. — On  the  Chemical  Composition  of  Triphyliie^  Jrom 
Oraftorit  New  Hampshire;  by  Samuel  L.  Penfield.  Con- 
trihutioTis  from  the  Sheffield  lAjboratory  of  Yah  College.  No. 
XLVIL 


The  rare  mineral  species,  triphylite,  is  found  at  Graflon  in  a 
granite  vein  which  has  been  extensively  worked  for  mica.  It 
occurs  imbedded  in  the  granite  in  masses  of  varying  size,  and 
occasionally  of  fifty  or  more  pounds  in  weight  The  exterior 
of  the  masses  in  some  instances  shows  evidences  of  the  decom- 
position to  which  the  mineral  is  peculiarly  liable,  but  a  large 
portion  of  the  material  is  fresh  and  unaltered.  It  has  a  light 
blue  color,  a  greasy  to  resinous  luster  and  a  perfect  cleavage. 
Specific  gravity  =8'62.  Analyses  of  the  finely  pulverized, 
pure  mineral,  dried  over  sulpliuric  acid,  show  the  following 
composition : 
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I. 

n. 

P^O, 

44-18 

43-88 

FeO 

26^09 

26^38 

MnO 

18-17 

18-24 

CaO 

•89 

•99 

MgO 

•66 

•61 

LLO 

8-77 

8-81 

K.O 

•32 

-32 

Na.O 
HaO 

•16 

•09 

1^47 

1-47 

100-61  100-79 

The  phosphoric  acid  was  separated  from  the  iron  and  man- 
ganese by  fiision  with  sodium  carbonate,  except  a  small  amount 
retained  with  the  iron,  which  was  separated  afterward  by 
means  of  molybdic  acid. 

The  alkalies  were  separated  from  the  iron  and  phosphoric 
acid  by  adding  a  small  amount  of  ferric  chloride  to  a  nearly 
neutral,  oxidized  solution  of  the  mineral  and  precipitating  the 
iron  and  phosphoric  acid  together  by  means  of  barium  carbon- 
ate. Care  was  taken  to  use  platinum  vessels  in  conducting  the 
evaporations.  The  total  amount  of  water  was  expelled  by 
ignition  and  determined  by  absorption  in  a  chloride  of  calcium 
tuba  Water  amounting  to  0*50  per  cent  was  driven  oflf  at 
100®  C.  These  results  show  the  Grafton  mineral  to  be  richer 
in  manganese  and  lithia  than  that  from  Bodenmais. 

The  relative  number  of  atoms  calculated  from  analysis  1  are 
the  following : 

6^22 


6-48 


p 

•622 

Fe 

•362  ^ 

Mn 
Ca 

•256 
•016 

^    -648 

Mg 

•014 

Liv 

•292  ) 

Li 

•584 

K. 

•003  [    '291 

K 

•006 

Naj, 

•002  ) 

Na 

•004 

•594 


-945 

The  above  gives  the  ratio  of  the  phosphorus  to  the  bases 
=  •622: -945  or  1 :  1*52,  which  shows  the  cornposition  of  the 
mineral  to  be  that  of  a  normal  phosphate.  The  ratio  of  the 
atoms  of  the  univalent  elements  to  those  of  the  bivalent  is 

•594 :  •«48  =  1 :  1^09  which  gives  the  formula  10E8PO4  4-llR,P,0^ 

Eammelsberg*   deduces  the  formula  4EjP04+5R8Pa08  from 
the  most  trustworthy  analysis  of  the  Bodenmais  mineral,  but 

suggests  E3P04+IlaPii08  as  possibly  the  true  formula.      The 
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compositioD  here  obtained  for  the  Grafton  triphylite  renders  it 
almost  certain  that  this  is  the  correct  formula  of  the  mineral. 
This  work  was  conducted  in  the  Sheffield  Laboratory  under  the 
supervision  of  Professor  O.  D.  Allen,  to  whom  I  wish  here  to 
express  my  thanks. 


Art.  XLVn. — On  a  new  Mode  of  Manipulating  Hydric  Sulphide; 
by  JosiAH  P.  Cooke,  Jr.,  Erving  Professor  of  Chemistry  and 
Mineralogy  in  Harvard  College.* 

In  chemical  laboratories,  where  instruction  in  qualitative 
analysis  is  given  to  large  numbers  on  the  class  system,  the  use 
of  hydric  sulphide  gas  as  a  reagent  is  attended  with  grave 
inconveniences.  These  evils  can  in  great  measure  be  avoided 
by  substituting  for  the  gas  a  solution  of  the  reagent  in  water, 
saturated  at  the  ordinary  temperature  and  pressure  of  the  air ; 
when,  as  is  well  known,  one  volume  of  water  dissolves  about 
3'4  volumes  of  the  gas  (measured  at  15°  C.  and  seventy-six  centi- 
meters). Such  a  solution  was  for  a  long  time  used  in  the  labora- 
tory of  Harvard  CoUega  It  was  prepared  in  a  long  series  of  two 
liter  bottles  connected  by  glass  tubes  in  the  usual  way,  and  the 
solution  was  kept  in  the  laboratory  in  a  large  tubulated  glass 
flask,  from  which  it  was  drawn  by  the  students,  as  occasion 
required.  This  solution  answers  almost  every  purpose  for 
which  the  reagent  is  used  in  the  ordinary  course  of  qualitative 
analysis,  and  the  few  conditions  under  which  it  does  not  give 
satisfactory  results  can  be  easily  avoided.  Moreover,  in  ease  of 
application  and  promptness  of  effect  it  has  all  the  advantages  of 
a  liquid  reagent ;  and  the  only  inconveniences  its  use  involves 
is  an  occasional  evaporation  oi  a  solution,  which  the  dilution  by 
the  reagent  may  render  necessary.  Of  course  a  solution  of 
hydric  sulphide  is  liable  to  oxidation,  and  soon  becomes  turbid 
in  contact  with  the  air ;  but  this  change  can  be  easily  avoided 
by  fitting  to  the  neck  of  the  flask  (in  which  the  solution  is  kept), 
by  means  of  a  rubber  stopper,  a  glass  tube  dipping  under  the 
liquid,  and  connecting  this  tube  with  one  of  the  vents  of  illum- 
inating gas  in  the  laboratory. 

For  quantitative  work,  and  for  the  preparation  of  chemical 
products,  when  considerable  quantities  oi  metallic  sulphides 
must  be  precipitated,  a  solution  of  hydric  sulphide,  saturated 
under  the  ordinary  pressure  of  the  air,  is  inconveniently  dilute ; 
and  two  years  since  we  described  a  simple  method  by  which  a 
solution  concentrated  under  pressure  could  easily  be  prepared 
with  the  ordinary  laboratory  appliances.     A  heavy  glass  bottle 

*  From  the  Prooeedings  of  the  American  Academy,  vol  xii  (N.  S.  iv),  p.  113, 1877. 
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of  about  four  liters'  capacity  served  as  a  generator,  and  trom 
this  the  gas  passed  through  a  wash -bottle  into  two  other  bottles 
of  the  same  size  and  strength  as  the  first.     The  intermediate 
bottle  was  three-fourths  filled  with  water,  while  the  last  served 
simply  as  a  gasholder.     The  connections  were  so  arranged  that 
the  gas,  after  bubbling  up  through  the  water,  was  delivered  at 
the  top  of  the  gasholder ;  and,  by  b,  tube  uniting  the  bottom  of 
the  gasholder  with  the  water-pipes  of  the  laboratory,  the  interior 
of  the  apparatus  could  be  submitted  to  the  pressure  of  a  column 
of  water  sixty  feet  high.     The  gasholder  was  also  provided  with 
an  exit  tube,  which  could  be  closed  by  a  compression  cock. 
The  connecting  tubes  all  passed  through  rubber  stoppers  which 
were  firmly  wired  to  the  necks  of  the  bottles,  ana  the  water- 
bottle  was  connected  with  its  neighbors  by  two  lengths  of  stout 
rubber  hose  so  that  the  water  could  be  shaken  up  with  the  gas 
without  disturbing  the  rest  of  the  apparatus.    In  order  to  satu- 
rate the  water  with  hydric  sulphide,  a  char^  of  ferrous  sulphide, 
sulphuric  acid  and  water  sufficient  to  yield  at  least  three  times 
the  amount  of  gas  theoretically  required  was  placed  in  the 
generator,  and,  after  the  connections  were  made,  the  gas  was 
allowed  to  steam  through  the  apparatus  until  all  the  air  was 
displaced.     The  exit  tube  of  the  last  bottle  was  then  closed,  the 
water  pressure  turned  on  and  the  water-bottle  frequently  shaken, 
until  absorption  ceased,  and  the  aqueduct  water — at  first  forced 
by  its  pressure  into  the  gasholder — was  driven  back  into  the 
pipes.     Before  dismounting  the  apparatus,  the  rubber  connec- 
tors were  all  closed  by  compression  cocks,  and  care  was  taken 
to  vent  the  generator  gradually.      Moreover,   the  connectors 
of  the  water-bottle  were  so  arranged  that  when  the  apparatus 
was  dismounted  a  short  piece  of  rubber  hose  was  left  attached 
to  each  orifice  of  the  bottle,  both  of  which  were  closed  by  com- 
pression cocks.     To  one  of  these  a  vent  tube  was  subsequently 
attached,  and  by  this  the  solution  was  drawn  off  at  pleasure,  as 
from  a  soda-water  siphon. 

This  simple  apparatus  was  constantly  used  by  us  for  two 
years,  and  served  an  excellent  purpose ;  but  it  was  found  that 
after  the  glass  generators  had  been  charged  several  times  they 
were  liable  to  burst  under  the  same  pressure  which  at  first  they 
had  readily  sustained.  The  same  accident  never  happened  to 
the  other  bottles.  But  of  course,  if  the  pressure  is  long  contin- 
ued, bottles  of  glass  of  the  size  namea,  however  well  made, 
would  be  liable  to  such  an  accident ;  and,  if  the  apparatus  is  to 
be  remounted,  it  would  be  better  to  use  a  metallic  vessel  for 
the  generator,  and  to  cover  the  glass  bottles  with  some  kind  of 
netting.  The  experience  with  the  glass  apparatus  led  us  to  seek 
to  adapt  to  the  same  purpose  some  one  of  tne  various  soda-water 
apparatuses  which  are  greatly  used  in  the  United  States  for  the 
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production  of  effervescing  drinks.  After  examioing  several  of 
tbe  patteniB  in  the  market,  we  selected  for  trial  the  one  repre- 
sented below,  which  is  manufactured  by  the  firm  of  John 
Matthews,  of  New  York,  at  their  establishment, — First  Avenue, 
26th  and  27th  Streels,^u  that  city.  The  apparatus  was  de- 
signed by  them  for  preparing  that  overcharged  aqueous  solution 
of  carbonic  dioxide,  which  in  the  United  States  is  familiarly 
called  soda-water ;  but  with  a  very  slight  modification  it  can  be 
Qsed  with  equal  efficiency  for  tbe  preparation  of  a  similar  solu- 


tion  of  hydrie  sulphide.  We  have  worked  out  the  details  of 
the  process,  which  this  new  application  involves,  and  publish 
tbem  with  tbe  hope  that  the  apparatus  may  be  found  of  as 
great  value  in  other  laboratories  a.e  in  our  own.  The  wood-cuts 
are  taken  from  the  catologue  of  tbe  Srm.  who  have  kindly 
loaned  the  blocks  for  this  paper ;  and  we  would  here  express 
our  obligations  to  them  for  their  great  courtesy  and  liberality 
during  the  whole  course  of  our  experiments. 

The  apparatus  consists  of  two  parts,  the  generator  and  the 


430  J.  P.  Oooke~New  Mode  of  Maniprilatmg  Hydric  Sulphide. 

fountains ;  aod  in  Fig.  1  the  generator  is  represented  connected 
by  a  rubber  hose  with  one  of  the  fountaine,  of  which  in  practice 
we  use  three,  connected  in  a  line  by  similar  lengths  of  rubber 
hose,  like  so  many  Woolfe  bottles.  In  the  figure,  only  the 
first  of  the  line  is  represented,  which  is  set  on  trunniouB  in  a 
frame,  in  order  to  facilitate  the  agitation  of  the  water  and  the 
{ras.  Only  one  of  these  frames,  however,  is  required,  to  which 
uie  other  fountains  can  readily  be  transferred.  A  section  of 
the  generator  is  represented  in  Fig.  2.    It  is  made  of  cast  iron. 


and  in  two  parts  {readily  distinguished  in  the  figure),  which  are 
firmly  bolted  together,  so  as  to  confine  in  its  place  the  bell- 
metal  plate  M,  which  separates  the  upper  from  the  lower  cham- 
ber. In  the  lower  chamber  is  placed  dilute  sulphuric  acid, 
which  is  poured  in  through  the  bung  A.  In  the  upper  cham- 
ber, and  resting  on  the  plate,  is  placed  coarsely  powdered 
sulphide  of  iron,  which  is  put  in  through  the  bung  B.  Through 
the  plate  M,  and  on  two  lines  at  right  angles  to  each  other, 
there  are  cut  radial  slits,  half  an  inch  wide,  which  are  guarded 
by  four  iron  arms.  These  arms  are  attached  to  the  agitator 
Boait  S,  and  move  o\ev  Xhe  ^nrface  of  the  plate,  alteroatdj 
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covering  and  uncorering  the  slite,  when  the  handle  E  is  turned. 
To  the  lower  end  of  the  same  shaft  is  fastened  the  agitator  O, 
which  is  turned  simultaneously  with  the  arms  just  mentioned. 
After  the  apparatus  has  been  chained,  it  is  evident  that  by 
turning  the  handle  the  sulphide  of  iron  may  be  sifted  down  at 
pleasure  into  the  acid  water  below ;  and  the  handle  and  arms 
are  so  disposed  that  when  the  bungs  are  uncovered  by  the  han- 
dles the  slits  are  covered  by  the  arms.  From  the  generator, 
the  gas  passes  through  the  washer  B,  whose  relations  to  the 
apparatus,  as  well  as  that  of  the  pressure  gauge,  are  evident 
from  the  figure.  The  generator  is  lined  with  lead,  and  the  rest 
of  the  apparatus,  including  the  bell-metal  plate  M,  with  pure  tin. 
The  lead  lining  of  the  generator  is  seamless  and  very  heavy, 
and  all  the  cocks  are  lined  with  block  tin  tubing.  Of  the  vari- 
ous valves,  bungs,  and  stuffing  boxes  indicated  in  the  figure,  it 
is  unnecessary  to  speak  in  detail.  It  is  sufficient  to  say  that 
they  are  of  excellent  workmanship,  and  during  a  year's  trial 
have  kept  perfectly  tight  The  charging  bung,  B,  however,  is 
closed  by  a  safety  cap  of  peculiar  construction,  which  deserves 
ipecial  mention,  because  it  insures  the  safety  of  the  apparatus. 
The  cap  is  represented  by  Fig.  8,  and  a  section  is  given  in  Fig.  4. 


It  will  be  seen  by  the  last  that  the  escape  of  the  compressed  gas 
from  the  generator  through  the  apertures  d  is  only  prevented  by 
a  thin  disk  a,  which  is  shown  in  detail  by  Fig.  5,  This  disk  is 
made  of  two  thin  plates :  the  lower  one,  which  comes  in  contact 
with  the  acid  spray,  is  of  lead,  and  the  upper  one  of  silvered 
copper,  whose  thickness  is  so  adjusted  that  it  must  be  at  once 
ruptured  if  the  pressure  in  the  apparatus  should  become  unduly 
great 

Although  the  so-called  soda-water  fountains — in  which  the 
solution  oi  the  gas  and  water  is  made — have  all  in  general  the 
same  simple  relation  of  parts,  they  are  constructed  of  very  dif- 
ferent materials  and  after  very  different  methods.  The  outside 
shell  may  be  either  of  hammered  copper  or  of  some  form  of 
iron,  and  this  may  be  lined  with  tin,  enamel,  or  glass.  After 
having  determined  by  experiment  that  a  solution  of  hydric 
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salpbide — especially  when  dome  carbonic  dioxide  is  added — 
exerts  no  action  on  a  surface  of  metallic  tin,  except  a  very 
alight  and  superficial  staining,  we  selected  as  best  adapted  to 
oar  purpose  the  steel  fountains,  also  manufactnred  by  tne  firm 
of  John  Matthews,  Fig.  6.    These  are  made  of  plates  of  steel 


united  in  a  peculiar  way  invented  by  themselves  so  as  to  secure 
with  comparative  liglitness  veiy  great  strength.  They  are 
lined  on  the  inside  with  sheet  tin,  and  the  tin  lining  forms  an 
independent  vessel,  which  alone  ia  connected  with  the  bungs. 
The  tubes  and  valve  cocks  are  also  either  made  or  lined  with 
tin,  so  that  the  solution  never  comes  in  contact  with  any  other 
metal.  For  making  ordinary  soda-water,  the  fountain  requires 
only  a  single  valve,  which  connects  with  a  tube  leading  to  the 
bottom  of  the  ves.^1,  and  this  serves  both  to  charge  the  foun- 
tain and  to  draw  oif  the  solution  when  made.  But  since  a 
solution  of  hydric  sulphide  is  rendered  turbid  if  left  in  contact 
with  even  a  small  quantity  of  air,  and  since  a  variable  amount 
of  free  hydrf^en  is  always  formed  by  the  action  of  sulphuric 
acid  on  common  sulphide  of  iron,  it  was  necessary  for  our  pur- 
pose to  add  to  the  ordinary  fountain  a  vent  cock  as  shown  in 
the  last  figure.  This  enables  ns  to  connect  together  several 
fountains  after  the  manner  of  Woolfs  bottles,  as  already  de- 
scribed, and,  by  passing  X\\e  c,\jrre,\»t  of  gis  through  the  whole 
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line,  to  drive  out  all  the  air  originally  in  the  anparatus,  as  well 
as  the  free  hydrogen  subsequently  evolved.  Moreover,  in  the 
preparation  of  the  solution  of  hydric  sulphide,  the  generator 
should  be  much  larger  relativ^  to  the  fountains  than  in  the 
preparation  of  soda-water.  Thus  we  use  for  charging  the 
so-called  six-gallon  steel  fountains,  the  "Upright  Generator," 
known  as  No.  40,  which  has  a  capacity  below  the  diaphragm 
of  sixty  liters.  It  -should  be  here  stated  that  the  fountains  are 
only  rated  at  two-thirds  of  their  total  capacity,  which  is  the 
volume  of  soda-water  which  is  ordinarily  made  in  them.  They 
should  never  be  more  than  three-fourths  filled  with  water. 
But,  even  with  this  liberal  allowance  for  gas  room,  the  six- 
gallon  fountains  referred  to  will  hold  twenty-five  liters  of 
water.  It  may  also  be  stated,  although  the  fact  must  be  evi- 
dent, that  a  single  large  fountain  will  not  give  as  good  results 
as  several  small  ones  of  equal  capacity  ;  since  in  expelling  the 
air  and  free  hydrogen,  as  we  have  described,  there  would  be  a 
considerable  loss  of  material,  if  only  one  fountain  were  used. 
Still,  in  laboratories  where  the  consumption  is  not  great,  the 
loss  is  not  important ;  and  the  smallest  "  Upright  Generator," 
with  one  six-gallon  fountain,  will  be  found  to  be  a  perfectly 
satisfactory  apparatus. 

Assuming  first  that  the  l&^ei"  apparatus  is  used,  the  method 
of  chai^ng  is  as  follows :  The  large  generator  is  too  heavy  to 
be  readilv  moved,  and  should  be  placed  so  that  the  discharge 
valve  will  empty  directly  into  a  drain.  Water  also  should  be 
brought  to  the  apparatus  by  hose, — if  possible,  both  hot  and 
cold  water, — not  only  for  convenience  in  chargiuj^,  but  also  in 
washing.  Finally,  there  oaght  to  be  a  good  flue  in  the  iieigh- 
borhood,  into  which  the  waste  gas  may  be  discharged.  The 
apparatus  having  been  thus  established,  the  three  fountains — 
first  rinsed  out — are  filled  each  with  twenty-five  liters  of  dis- 
•  tilled  water,  and  the  valves  having  been  secured,  the  fountains 
are  connected  with  each  other  and  the  generator  by  means  of 
stout  rubber  hose  as  already  indicated,  and  the  vent  valve  of 
the  last  fountain  is  connected  with  the  flue  by  a  length  of  com- 
mon gas  hosa  The  generator  is  then  charged  as  follows :  The 
handle  is  first  placed  so  as  to  uncover  the  bungs  and  cover  the 
slits  in  the  diaphragm.  Through  the  bung  A  is  now  poured 
forty  liters  of  hot  water,  heated  to  between  70°  and  80°  C.,  and 
then  five  liters  of  common  oil  of  vitriol  are  poured  very  cau- 
tiously into  the  same  bung  through  a  lead  funnel  with  narrow 
spout  provided  for  the  purpose.  The  acid  water  will  thus  be 
heated  nearly  to  the  boiline  point,  and  its  capacity  of  dissolv- 
ing ferrous  sulphate  raised  to  the  maximum.  Next  six  kilo- 
grams of  sulphide  of  iron — previously  sufficiently  pulverized 
to  pass  through  a  wire  sieve  with  eight  meshes  to  the  inch,  and 
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mixed  with  two  kilograms  of  marble  powder — \s  run  through 
a  wide-mouth  funnel  into  the  bungB.  The  bungs  having  been 
now  all  closed,  the  joints  of  the  apparatus  tested,  the  exit  valve 
D  of  the  generator  and  all  the  valves  of  the  fountains  opened, 
a  small  amount  of  the  powder  is  sifted  down  into  the  acid 
water  by  turning  the  handle  not  more  than  a  single  revolution, 
always  taking  care  to  leave  it  so  that  the  slits  of  the  diaphragm 
shall  be  left  covered.  The  gas  is  then  allowed  to  stream 
through  the  apparatus,  and  tested  as  it  escapes  into  the  flue, 
until  it  bums  without  explosion,  using  a  small  pneumatic 
trough  for  that  purpose.  The  air  is  now  nearlv  expelled,  and 
the  escape  of  gas  snould  be  reduced  by  the  last  vent  valve 
until  the  current  only  supplies  a  small  jet,  which  may  now  be 
attached  and  lighted  with  safety,  and  by  the  size  of  this  flame 
the  vent  may  afterwards  be  regulated.  The  handles  are  now 
slowly  turned,  and  the  pressure  in  the  apparatus  carried  up  to 
about  120  pounds.  The  valves  of  the  fountains  and  the  valve 
D  of  the  generator  are  now  all  closed,  and  the  two  last  foun- 
tains detached,  leaving  the  first  (which  is  mounted  on  a  frame 
as  represented  in  Fig.  1)  united  to  the  generator  as  before. 
This  IS  now  rocked  for  several  minutes  to  and  fro,  in  order  to 
thoroughly  agitate  the  water  with  the  gas.  The  stop  valve  G 
should  then  be  opened,  and  then  the  valve  D  (very  gradually), 
so  that  the  gas  may  be  admitted  slowly  to  the  fountain.  The 
valves  are  then  again  closed,  and  the  agitation  renewed,  and 
the  same  operation  is  repeated  several  times  until  no  more  gas 
is  absorbed  by  the  water  in  the  fountain,  the  pressure  in  the 
generator  meanwhile  being  maintained  at  120  pounds,  by  turn- 
ing the  handle.  The  first  fountain  is  then  removed,  and  the 
same  process  repeated  with  each  of  the  others.  At  the  close 
of  the  operation,  after  all  chemical  action  has  ceased,  there 
remains  m  the  generator — both  free  and  dissolved  in  the  liquid 
residue — a  large  volume  of  hydric  sulphide  gas.  This  we 
economize  by  venting  the  generator  slowly  through  Woolfs 
bottles  containing  aqua  ammonia,  and  thus  preparing  at  the 
same  time  ammonic  sulphide.  It  is  not  unimportant  to  add 
that  the  generator  should  be  emptied  before  it  cools,  and  the 
ferrous  sulphate  has  time  to  crystallize.  The  discharge  valve 
R  should  then  be  removed,  and  the  whole  apparatus  thor- 
oughly washed  out  If  the  valve  becomes  clogged,  it  can 
generally  be  cleared  by  developing  pressure  in  the  generator 
oy  means  of  a  small  charge  of  ground  marbla  Otherwise, 
after  the  pressure  has  been  relieved,  and  the  upper  valves  and 
bungs  closed,  the  discharge  valve  must  be  cautiously  removed, 
and  an  opening  forced  through  the  lower  bung.  Such  details 
are  necessary  in  order  that  others  may  profit  by  our  experi- 
ence ;  but,  lest  the  details  should  convey  the  impression  that 
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the  apparatus  is  complicated,  and  that  the  process  requires 
skilled  labor,  it  may  be  stated  that  in  this  laboratory  the  appa- 
ratus is  entirely  in  charge  of  a  laboratory  servant,  and  may  be 
managed  by  any  workman  of  ordinary  intelligence.  It  does 
not  require  more  than  four  hours  to  work  over  a  single  charge, 
and  this  yields  seventy-five  liters  of  hydric  sulphide  solution 
under  a  pressure  of  120  pounds.  According  to  our  experience, 
this  supply  lasts  with  a  class  of  one  hundred  students  in  quali- 
tative analysis  about  a  month.  For  laboratories  where  the 
classes  are  much  smaller  than  this,  we  should  recommend  the 
smallest  size  generator,  which  may  be  used  with  a  single  six- 
gallon  fountain.  The  smaller  apparatus  is  managed  in  pre- 
cisely the  same  way  as  the  larger,  only  taking  one  half  the 
quantity  of  materials.  It  is  important  as  before  to  wash  out 
in  the  nrst  place  all  the  air,  and  to  maintain  a  small  current  of 
gas  through  the  vent  valve  of  the  fountain  while  the  pressure 
in  the  apparatus  is  rising.  This  of  course  entails  some  loss  of 
hydric  sulphide ;  but  the  chief  loss  is  caused  by  the  venting  of 
the  generator,  and  all  this  gas  may  be  utilized  for  the  prepara- 
tion of  alkaline  sulphides  as  described  above,  or  this  waste  gas 
may  be  used  for  washing  out  the  air  from  a  second  fountain, 
and  thus  preparing  it  for  a  subsequent  charga 

For  dispensing  the  reagent  in  our  qualitative  laboratory,  we 
place  the  fountain  in  a  cupboard  and  connect  it  by  a  block-tin 
tube  with  a  so-called  "  draught  column," 
Fig.  7,  in  the   ventilating  hood   above.  *^' 

From  this  each  student  draws  the  reagent 
as  it  is  required.  In  quantitative  work 
we  may  draw  the  charged  water  directly 
from  the  fountain  into  the  midst  of  the 
solution  to  be  treated,  using  simply  a  com- 
mon rubber  hose  terminated  by  a  glass 
tube  which  dips  under  the  surface  of  the 
liquid :  the  hose  is  attached  to  the  nipple 
of  a  cap  which  screws  on  to  the  valve  of 
the  fountain,  and  by  confining  two  or 
more  disks  of  linen  cloth  between  the  cap 
and  the  head  of  the  valve  (like  washers) 
we  can  filter  the  solution  as  it  flows  out 
It  is  more  convenient,  however,  to  distrib- 
ute the  reagent  to  advanced  students  in 
the  well-known  soda-water  siphon.  Fig.  8. 
These  require  no  description,  but  as  the 
simple  apparatus  used  for  filling  the  siphon 
is  not  yet  a  familiar  object  in  chemical 
laboratories,  we  give  a  figure  of  the  apparatus  (Fig.  9),  taken, 
like  our  other  cuts,  from  the  catalogue  of  John  Matthews.     By 
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pressing  the  foot  on  a  pedal  shown  at  the  base  of  the  apparatas, 
the  Bipbon^-confined  id  a  cage — ia  raised,  so  that  its  month  is 
forced  tightly  against  one  opening  of  a  valve  of  peculiar  con- 
atructioQ,  the  second  opening  of  which  is  nnited  bj  a  block-tio 


tube  to  a  fountain  ;  while  at  the  same  time  the  handle  of  the 
siphon  ia  pressed  back.  On  now  pushing  the  upper  lever 
shown  in  the  cut  to  the  right,  the  valve  of  the  fountain  having 
been  previously  opened,  a  connection  is  made  between  the 
fountain  and  the  siphon  ;  when  the  charged  water  rushes  into 
the  latter,  condensing  the  air  to  a  fraction  of  its  original 
volume.  K  next  the  same  lever  ia  pushed  momentarily  to  the 
left,  the  first  connection  is  closed  ;  while  a  vent  is  opened, 
through  which  the  condensed  air  rushes  out  into  the  atmo- 
sphere before  the  gas  in  solution  has  time  to  escape,  and  theD 
on  pushing  back  the  handle  a  further  portion  of  liquid  enters, 
nearly  filling  the  interior  of  the  bottle.  Lastly,  on  raising  the 
foot,  the  valve  o(  tbe  siphon  shuts  at  the  same  time  that  the 
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bottle  is  lowered  and  released  from  its  cage, — ^the  whole  pro- 
cess being  the  work  of  a  few  seconds.  At  the  first  filling,  there 
sometimes  remains  a  small  amount  of  air  in  the  siphon,  so  that 
the  solution  becomes  slightly  turbid  on  standing ;  but  this 
effect  of  oxidation  can  be  easily  avoided  by  using  a  sufficient 
amount  of  marble  powder  in  charging  the  generator.  This 
siphon  unquestionably  affords  the  most  convenient  mode  of 
using  hydric  sulphide;  and  for  a  private  laboratorv  a  single 
siphon,  well  charged,  will  afford  as  ample  a  supply  as  will 
ordinarily  be  needed.  It  is  greatly  to  be  hoped  that  our 
manufacturing  chemists  may  soon  find  an  advantage  in  sup- 
plying this  important  reagent  in  such  an  elegant  form.* 

When  the  water  is  charged  as  directed  above,  it  of  course 
holds  in  solution,  besides  hydric  sulphide,  a  considerable  vol- 
ume of  carbonic  dioxide ;  and  if,  under  any  circumstances,  the 
presence  of  this  last  gas  would  produce  an  injurious  effect,  the 
marble  powder  cmi  be  simply  omitted  in  charging  the  gener- 
ator. In  almost  all  cases,  however,  the  carbonic  dioxide  exerts 
a  very  beneficial  influence,  and  in  several  ways.  In  the  first 
place,  it  insures  the  non-action  of  the  hydric  sulphide  on  the 
metallic  surfaces  of  the  apparatus.  In  the  second  place,  it  pro- 
tects the  solution  from  the  action  of  the  air  when  it  is  drawn 
into  an  open  vessel,  so  that  after  a  metallic  sulphide  has  been 

Srecipitated  by  an  excess  of  the  reagent,  the  products  may  be 
igested  in  an  open  flask  or  beaker  without  fear  of  oxidation. 
In  the  third  place,  the  carbonic  dioxide  adds  greatly  to  the 
tension  of  the  confined  gas,  and  enables  us  to  develop  sufficient 
pressure  to  charge  the  siphon  without  unnecessarily  increasing 
the  strength  of  the  solution  of  hydric  sulphida 

Chemical  Ltboratory  of  Harrard  College,  1876. 


Art.  XLVin. — Report  on  the  Physical  Investigations  carried  on 
by  P.  Herbert  Carpenter^  B.A,,  in  H.M.S.  ^'Valorous^^  during 
her  Return  Voyage  Jrom  Disco  Island  in  August^  1875  ;   by 

William  B.  Oarpkntkr,  C.B.,  M,D.,  RRS-f 

In  the  first  of  the  Serial  Soundings  taken  by  the  **  Valorous," 
nearly  in  the  middle  of  Davis  Strait  and  on  the  parallel  of 
Godthaab,  the  bottom-temperature,  at  a  depth  of  410  fathoms, 
was  84*6°  Fahr. ;  and  tne  descent  to  tnis  from  a  surface- 
temperature  of  40*"  was  nearly  uniform— 89°,  88^  87°,  86°  and 

*  All  the  apparatus  here  deecribed  may  be  obtained  from  the  firm  of  John 
MfttthewB,  First  Avenue,  26th  and  27th  Streets.  New  York,  at  very  reasonable 
rates.  Be  careful  in  ordering  to  state  the  use  to  which  the  apparatus  is  to  be  put, 
with  the  caution  that  no  silver  plating  or  lead  paint  should  be  used  upon  it 

t.Proa  B07.  Soa,  tqL  zzt,  No.  1*73,  p.  230,  June  16,  18*76. 
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86**  being  met  with  at  almost  equal  intervals.  There  was  here, 
therefore,  no  indication  of  any  contrary  movement  of  different 
strata  of  water,  or  of  any  special  superheating  of  the  superficial 
stratum.  But  the  case  was  very  different  with  the  next 
much  deeper  sounding  which  was  taken  about  a  degree  further 
south,  but  still  toward  the  middle  of  Davis  Strait:  for  there 
was  here  a  surface-stratum  of  45°,  but  of  such  extremely  small 
thickness,  that  the  isotherm  of  40°  was  reached  in  about  fifteen 
fethoms ;  from  40°  to  88°  the  interval  was  nearly  the  same  as 
in  the  previous  sounding :  but  below  88^  the  descent  was  so 
slow  that  87°  was  tiot  reached  until  nearly  800  fathoms,  and  on 
the  bottom  at  1100  fathoms  the  temperature  was  still  86*4°. 
At  the  next  station,  latitude  62°  6'  N.,  longitude  55°  56'  W., 
(that  is,  another  degree  further  south,  and  at  about  the  same 
distance  from  the  Greenland  coast),  a  depth  of  1350  fathoms 
was  met  with  ;  the  surface-temperature  was  still  45° ;  but  the 
bottom-temperature  was  founa  to  be  84*6°,  as  in  the  410 
fathoms  sounding.  The  next  temperature-sounding  was  taken 
nearly  three  degrees  further  south  and  five  and  one-half  degrees 
to  the  west,  namely,  in  latitude  59°  10'  N.,  longitude  50  25' 
W. ;  that  is,  a  little  to  the  south  of  Cape  Farewell,  but  still  six 
degrees  to  the  west  of  it:  here  the  surface-temperature  was 
still  45° ;  but  the  bottom -temperature  at  1,750  fathoms  had 
sunk  to  88*4°.  Finally,  a  set  of  serial  soundings  was  taken 
before  rounding  Cape  Farewell,  about  a  degree  Further  south 
and  four  degrees  east :  the  surface-temperature  had  then  risen 
to  49° ;  but  the  isotherm  of  40°  was  reached  at  about  fifty 
fathoms,  that  of  89°  at  about  ninety  fathoms,  and  that  of  38° 
at  about  160  fathoms ;  while  below  this  the  descent  of  the 
thermometers  was  extremely  slow  down  to  the  isotherm  of  37°, 
which  lay  at  about  1050  fathoms — becoming  more  rapid,  how- 
ever, beneath  this,  so  that  36°  was  reached  at  about  1400 
fathoms,  35°  at  about  1500,  and  34-8°  on  the  bottom  at  1660 
fathoms. 

Now  these  phenomena  seem  to  me  to  point  very  distinctly 
to  the  existence  (1)  of  a  superheated  layer,  which  is  slowly 
moving  up  Davis  Strait,  and  gradually  losing  its  excess  of 
temperature  as  it  proceeds  north,  as  shown  by  the  gradual 
approach  of  the  isotherms  to  the  surface ;  (2)  of  a  neutral  inter- 
mediate layer,  1,000  fathoms  or  more  in  thickness,  marked  out 
by  the  extreme  uniformity  of  its  temperature,  which  indicates 
its  stationary  condition  ;  and  (8)  of  a  aeep  cold  layer,  which  as 
clearly  derives  its  low  temperature  from  a  northern  source,  as 
the  uppermost  stratum  does  from  a  southern,  and  which  must, 
therefore,  be  in  movement. 

The  temperatures  at  Station  VI  seem  at  first  sight  rather 
anomalous  when  compared  with  those  of  Stations  VII-X — tie 
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isotherm  of  87®  here  coining  up  within  200  fathoms  of  the  sur- 
face, while  at  only  a  degree  farther  south  it  lies  at  nearly  800 
fathoms ;  and  a  bottom-temperature  of  84*6*^  being  found  at 
410  fathoms  at  Station  VI,  while  at  Station  VIII  it  is  only 
reached  at  1,850  fathoms.  But  the  anomaly  disappears  when 
the  rapidly  increasing  depth  and  the  tendency  of  the  coldest 
water  to  gravitate  to  the  bottom  are  taken  into  account :  for  it 
appears,  from  the  temperature-soundings  taken  further  north 
toward  Disco  Island  by  the  Swedish  ship  "Ingegera,"  that 
water  as  cold  as  this,  and  even  much  colder  (31®  being  recorded 
in  one  instance),  is  there  found  at  depths  varying  between  fifty - 
eight  and  185  fathoms ;  and  it  can  scarcely  be  doubted  that 
the  water  which  is  chilled  by  the  more  severe  cold  of  Baffin's 
Bay  is  here  flowing  down  the  slope  of  Davis  Strait.  Again,  it 
is  at  first  sight  an  anomaly  to  nnd  at  Station  VIII  a  bottom- 
temperature  oC  34-6°  at  1,850  fathoms,  while  the  bottom-tem- 
peratures both  to  the  north  and  to  the  south  of  it  are  84 -6® ; 
but  this  only  shows  that  the  coldest  polar  water  is  flowing 
south  through  some  deeper  channel,  perhaps  in  the  western 
half  of  Davis  Strait*  And  the  same  explanation  applies  to 
the  yet  more  remarkable  fact  that  a  bottom-temperature  of 
83*4*^  was  met  with  near  the  mouth  of  Davis  Strait,  when  no 
such  water  was  met  with  further  north.  But  that  even  this 
does  not  carry  down  the  coldest  water  of  the  Arctic  basin,  is 
obvious  from  the  fact  brought  to  light  by  the  **  Porcupine  " 
temperature-soundings  in  the  "Lightning  Channel,"  (between 
the  north  of  Scotland  and  the  Faroe  Islands),  over  a  large  part 
of  whose  bottom  we  found  the  temperature  to  range  two 
degrees,  or  even  more,  beloio  82®. 

The  next  temperature-sounding,  taken  on  the  17th  of  Au- 
gust almost  exactly  in  the  meridian  of  Cape  Farewell,  and  not 
quite  two  degrees  to  the  south  of  it,  gave,  like  No.  IX,  a 
bottom-temperature  of  83'4®  at  1,860  fathoms  ;  so  that  it 
seemed  pretty  clear  that  this  is  the  temperature  of  the  coldest 
water  that  can  find  its  way  into  the  North  Atlantic  along  either 
the  west  or  the  east  coast  of  Greenland.  And  from  the  depth 
at  which  the  isotherm  85°  was  found  to  lie  in  the  1660  fathoms 
serial  sounding,  it  is  obvious  that  the  stratum  between  85°  and 
834°  must  be  here  a  very  thin  one ;  while  the  upward  slope 

♦  As  I  pointed  out  on  a  fonner  occasion,  (Proc.  Roy.  Soc,  vol.  xx,  p.  624,  8  144), 
any  water  moving  from  either  pole  toward  the  equator  will  have  a  weateny  ten- 
deni^  in  virtue  of  its  d^idenq/  of  easterly  momentum ;  just  as  water  moving  from 
the  equator  toward  either  pole  will  have  an  easterly  set,  in  virtue  of  the  excess  of 
easterly  momentum  which  it  carries  with  it.  The  later  temperature-soundings  of 
the  '^  Challenger  '*  in  the  South  Atlantic  have  given  the  explanation  of  the  tem- 
perature of  32-4"*  observed  under  the  equator  in  the  first  year  of  her  voyage,  but 
not  encountered  in  any  of  the  earlier  temperature-soundings  taken  in  the  South 
Atlantic,  by  showing  that  the  coldest  Antarotio  underflow  ia  met  with  on  the 
wegigrly  part  of  its  sea-bed. 
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which  is  indicated  by  the  next  sounding,  shows  that  it  must 
rapidly  die  out  toward  the  east 

The  course  of  the  "  Valorous  "  having  then  been  kept  at  first 
nearly  due  east,  and  afterward  southeast,  another  serial  tem* 
perature-sounding  was  taken  on  the  19th  of  August,  in  latitude 
Se*"  11'  N.,  and  longitude  87**  41'  W.  The  surface-temperature 
had  here  risen  to  68^, — about  the  same  as  we  had  encountered 
in  the  *' Lightning  Channel,"  at  the  same  time  of  the  year, 
rather  farther  to  the  north  ;  but  the  warm  upper  stratum  was 
here  thinner,  a  redaction  to  46^  taking  place  within  fifty 
&thoms,  and  to  40''  within  800 ;  whereas  in  latitude  SO""  85'  N., 
longitude  9®  11'  W.,  we  had  found  the  isotherm  of  45®  lying 
below  600  fathoms,  while  the  bottom  at  767  fathoms  was  still 
41 '4°.  It  is  obvious  moreover,  from  the  regularity  of  the  de- 
scent of  the  isotherm  of  40®  in  this  part  of  the  North  Atlantic, 
that  easting  has  more  influence  on  the  rate  of  that  descent  than 
southing — thus  confirming  the  view  formerly  expressed  as  to 
the  tendency  of  the  warm  upper  flow  toward  the  eastern  side 
of  the  basin.*  The  isotherms  of  89®  and  38®  slope  downward 
toward  the  east  at  about  the  same  rate ;  bat  thosiie  of  87®  and 
86®  still  nearly  keep  their  parallelism  to  the  surface,  confirming 
the  previous  suggestion  of  the  '*  neutrality"  of  the  deep  stratum 
which  they  underlia 

Between  the  last  station  and  the  next,  taken  m  latitude  56® 
1'  N.,  and  longitude  34®  42'  W.,  in  the  line  of  the  channel  be- 
tween Iceland  and  Greenland,  but  considerably  to  the  south  of 
it,  the  sea-bed  was  found  to  have  shallowed  most  remarkably, 
bottom  being  struck  at  690  fathoms,  and  the  bottom-tempera- 
ture rising  again  to  38'2°.  This  elevation  may  be  regarded 
with  great  probability  as  a  continuation  of  that  which  was 
encountered  by  Sir  L.  McClintock  in  the  line  of  temperature- 
soundings  which  he  took  several  years  ago  across  the  North 
Atlantic  between  Eockall  and  Cape  Farewell ;  for  almost 
exactly  in  a  line  between  the  "  Valorous ''  Station  18  and  Ice- 
land, Sir  L.  McClintock  met  with  bottom  at  748  fathoms, 
between  1,260  fathoms  on  the  east  and  1,159  fathoms  on  the 
west. 

The  course  being  now  again  kept  nearly  due  east,  another 
temperature-sounding  was  obtainea  in  latitude  55®  58'  N., 
longitude  31®  41'  W.,  which,  on  a  bottom  of  1,280  fathoms, 
gave  a  bottom-temperature  of  36*8®,  the  surface-temperature 
being  54*5®.  Three  degrees  farther  east,  and  on.  the  same 
parallel,  another  set  of  serial  temperatures  was  taken,  which 
indicated  a  further  increase  in  the  upper  warm  stratum,  the 
isotherm  of  40°  descending  to  about  880  fathoms ;  but  the 

*  Shearwater  Scientific  Reeearohes,  1872,  %%  144,  148,  (Proc.  Roy.  Soc.,  zx,  pp. 
624,  626). 
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depths  <A  the  isotherms  of  89^,  38^  and  87^  show  little  change ; 
and  the  bottx>m  at  1^485  fathoms  was  86*5'',  as  at  the  corre- 
sponding depth  on  the  other  side  of  the  ridge.  Still  farther  to 
the  east,  in  latitude  55^  10'  K,  longitude  26°  58'  W.,  the  depth 
was  found  to  have  still  further  increased  to  1,785  fathoms ;  but 
the  bottom  showed  no  lower  a  temperature  than  86*7°,  although 
in  the  1,760  fathoms  sounding  on  the  other  side  of  the  ridge 
the  thermometer  fell  to  more  than  three  degrees  lower. 

Bad  weather  having  come  on,  it  was  not  considered  prudent, 
in  the  disabled  condition  of  the  ship,  to  attempt  further  scieu- 
tiiSc  explorations ;  and  the  course  was  accoraingly  shaped  for 
Cork. 

The  Temperature-Section  prepared  from  the  serial  soundings 
taken  in  the  *' Valorous  "  after  quitting  Davis  Strait  has  been 
continued  toward  Yalentia  on  the  basis  of  the  serial  soundings 
taken  off  the  coast  of  Ireland  in  the  first  cruise  of  the  "  Porcu- 
pine ^'  in  1867,  a  sounding  in  1,268  fathoms,  latitude  56°  8'  N., 
longitude  18°  84^  W.,  being  taken  as  the  principal  guide.  This 
being  almost  on  the  same  parallel  with  the  last  serial  sounding 
of  the  "Valorous,"  (the  diflference  of  latitude  being  only  half  a 
d^ree),  and  the  seasonal  difference  being  rather  in  favor  of  the 
"  Valorous "  temperatures,  it  is  extremely  striking  to  find  in 
this  section  the  most  remarkable  contrast  yet  brought  out 
between  the  thermal  condition  of  the  eastern  and  the  western 
sides  of  the  North  Atlantic :  for  the  descent  of  all  the  isotherms 
as  they  pass  from  west  to  east,  which  has  been  already  pointed 
out  in  the  **  Valorous  "  portion  of  the  section,  continues  at  an 
even  more  rapid  rate ;  so  that  the  isotherm  of  40°,  which  lay 
at  Station  XVI  at  880  fathoms,  lies  at  900  fathoms  at  Station 
XVII,  fifteen  degrees  to  the  west ;  while  the  isotherm  of  45°, 
which  at  the  first  of  these  stations  lay  at  eighty  fathoms  from 
the  surface,  lay  in  the  second  at  640  fathoms.  This  difference 
in  the  thickness  of  the  whole  stratum  above  the  isotherm  of 
40°  is  much  more  remarkable  than  the  difference  of  surface- 
temperature,  the  increase  of  which  between  the  first  and  the 
second  station  was  only  from  66°  to  59'6°. 

It  is  clear,  therefore,  that  the  heating  power  of  the  warm 
flow  which  comes  up  from  the  southwest  toward  the  western 
shores  of  the  British  Isles,  and  which  proceeds  onward  to  the 
northeast,  so  as  to  ameliorate  the  climate  of  the  Orkneys  and 
Shetland  Islands,  but  still  more  markedly  to  affect  that  of  the 
coast  of  Norway  (as  has  been  shown  by  Professor  Mohn), 
depends  upon  its  great  depth.  Any  such  superheated  film  as 
the  Gulf-stream  has  been  found  to  be  when  last  recognizable 
as  a  current  (as  was  long  since  urged  by  Mr.  Findlay,  and  has 
since  been  confirmed  by  Capt.  Chimmo*s  observations),  must 
lose  its  excess  of  warmth  long  before  it  reaches  our  shores. 
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Hence,  as  I  have  urged  on  a  former  occasion,  the  prolonged 
heating  power  of  the  northeast  flow  depends  much  more  upon 
the  thickness  of  its  moderately  warm  stratum  than  upon  its 
bringing  with  it  a  high  surface-temperature.  A  layer  of  fifty 
fathoms  at  60^,  flowing  northeast  over  a  bed  of  ocean-water  at 
40®,  and  exposed  above  to  an  atmosphere  of  40®,  would  be 
cooled  down  to  that  standard  in  two  or  three  weeks.  But  a 
layer  of  900  fathoms  thickness,  ran^ng  from  40®  to  56®,  would 
retain  an  excess  of  temperature  far  longer. 

The  advocates  of  the  doctrine  that  the  vis  a  tergo  is  the  Gulf- 
stream,  which  cannot  be  traced  as  a  current  by  anv  distinctive 
feature  further  to  the  northeast  than  the  parallel  of  40''  and  the 
meridian  of  80®,  have  to  show  in  what  way  it  can  raise  the  tem- 
perature of  so  thick  a  stratum  of  ocean-water  as  we  have  seen 
to  be  aflfected  in  the  western  portion  of  the  North  Atlantic  by 
a  warm  flow  of  some  kind.  Whether,  as  Professor  Wyville 
Thomson  maintains,  the  approximation  of  its  boundaries  be- 
tween the  British  Islands  on  one  side  and  Labrador  and  Green- 
land on  the  other  can  possibly  produce  this  result,  is  a  point 
on  which  it  is  for  hydrographers  to  decida  For  myself,  I 
cannot  regard  it  as  probable  that  a  spent  stream  of  fifty  fathoms 
thickness  can  give  motion  to  a  vast  layer  of  900  fathoms  depth. 

On  the  other  hand,  the  doctrine  I  advocate,  that  a  tnick 
upper  stratum  of  the  North  Atlantic  is  slowly  moving  pole- 
ward, to  fill  up  the  void  left  by  the  gravitation-underflow  of 
the  coldest  water  toward  the  equator,  and  that  this  stratum 
will  also  have  an  easterly  tendency  in  virtue  of  the  excess  of 
easterly  momentum  which  it  brings  with  it  from  a  lower  lati- 
tude, seems  adequately  to  account  for  the  facts  now  brought 
to  light.  The  progressive  closing  in  of  the  boundaries  of  this 
poleward  upper  flow  will  obviously  tend  to  deepen  it,  so  as  to 
give  it  a  more  persistent  heating  power.*  In  the  South  At- 
lantic and  Southern  Indian  Oceans,  on  the  other  hand,  the  pro- 
gressive opening-out  of  the  ocean-boundaries,  as  we  pass  south- 
ward from  the  equator,  will  tend  in  the  same  measure  to  reduce 
the  thickness  of  the  polewani  upper  flow,  thus  diminishing  the 
persistence  of  its  heating  power.  And  in  this,  as  it  seems  to 
me,  we  have  the  true  explanation  of  the  marked  difference 
between  the  climate  of  Kerguelen's  Land  (latitude  50®  S.),  for 

*  This  position  may  seem  iDconsistent  with  the  objection  just  taken  to  the  doc- 
trine of  Sir  Wyyille  Thomson.  But  the  inconsistency  is  only  apparent^  I  cannot 
conceive  that  after  the  Florida  Current  has  spread  itself  out  like  a  fan  over  the 
Mid- Atlantic,  it  can  retain  enough  vis  a  tergo  to  g^ve  a  northeast  movement  to  a 
mass  of  water  nearly  2,000  miles  wide  and  700  or  800  fathoms  deep,  the  ImpelliDg 
force  being  progressively  weakened  by  the  obstacles  to  that  movement.  On  the 
other  hand,  the  force  which  (on  the  doctrine  of  a  Thermal  circulation)  acts  as  a  rti 
a/ronte^  grows  stronger  as  the  water  which  it  puts  in  motion  approaches  the  polar 
area^  and  thus  is  fully  competent  to  deepen  the  poleward  stratum  in  proportion  to 
the  reduction  of  its  breadth. 
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example,  or  that  of  Heard  Island  (latitude  68^  S.\  and  that  of 
Ireland,  (lying  between  the  parallels  of  51^°  ana  64J°  N.  lati- 
tude), the  summer  temperature  of  the  former  being  but  little 
above  the  winter  temperature  of  the  latter. 

The  "Challenger''  temperature-sections  have  most  conclu- 
sively shown  that  the  entire  warm  upper  stratum  in  the  South 
Atlantic  is  verv  much  thinner  than  that  of  the  North  Atlantic; 
and  while  I  fuflv  admit  that  a  part  of  this  difiference  is  due  to 
the  fact  that  a  &r  lai^er  portion  of  the  equatorial  current  is 
deflected  into  the  latter  than  into  the  former,  I  cannot  see  that 
the  Gulf-stream  by  any  means  accounts  for  the  descent  of  the 
isotherm  of  40°  in  latitude  66°  N.  to  a  depth  of  900  fathoms. 

The  *'  Valorous  "  temperature-soundings  seem  to  me  to  be  of 
peculiar  interest  and  value,  in  furnishing  a  satisfactory  expla- 
nation of  the  comparatively  high  bottom-temperature  of  the 
North  Atlantic.  I  have  always  attributed  this  to  the  compara- 
tive narrowness  of  the  channels  of  communication  between  the 
Arctic  and  the  North  Atlantic  basins,  which  restrict  the  flow 
of  the  coldest  polar  water  from  the  fomier  into  the  latter ;  and 
long  before  the  "  Challenger "  Expedition  sailed,  I  had  ven- 
tured the  prediction  that  the  South  Atlantic,  on  account  of  the 
Eerfect  freedom  of  its  communication  with  the  Antarctic,  would 
ave  a  colder  bottom,  and  that  the  influence  of  the  Antarctic 
underflow  would  probably  extend  to  the  north  of -the  equator. 
By  Sir  Wyville  Thomson,  on  the  other  hand,  it  was  argued 
fn>m  the  commencement  that  the  whole  cooling  of  the  deep 
stratum  of  the  North  Atlantic  is  due  to  the  Antarctic  underflow ; 
and  this  conviction  he  repeats  in  his  last  utterance  on  the  sub- 
ject, on  the  ground  of  the  continuity  of  the  isothenns  from  the 
South  into  the  North  Atlantic*  The  question  arises,  however, 
why  the  deep  stratum  of  the  North  Pacific,  which  is  undoubt- 
edly fed  from  the  Antarctic,  should  be  so  decidedly  colder,  as 
the  "Challenger''  and  "Tuscarora"  soundings  show  it  to  be, 
than  the  deep  stratum  of  the  North  Atlantic ;  and  this  ques- 
tion appears  to  me  to  find  an  entirely  satisfactory  answer  in 
the  inaication  furnished  by  the  Second  Section,  that  the  Arctic 
Basin  is  for  the  most  part  separated  from  that  of  the  North  At- 
lantic by  an  intervening  ridge,  which  (like  many  similar  ridges 
discovered  by  the  "Challenger")  allows  water  of  about  36°, 
but  not  colder  water,  to  pass  from  the  former  into  the  latter. 
The  limited  contributions  of  colder  water  furnished  by  Baffin's 
Bay  and  the  "  Lightning  Channel  "  would  help  to  reduce  the 
deep  temperature  of  the  North  Atlantic  generally  to  the 
35®-86°  snown  in  the  "  Challenger  "  Sections ;  but  it  is  only 
when,  on  approaching  the  equator,  a  bottom -temperature  below 
this  first  shows  itself,  that  I  can  recognize  the  influence  of  the 
Antarctic  underflow. 

*  FrooeediDga  of  the  Boyal  Bodety,  toV  x^^^  ^.  ^'VL. 
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I  forbear,  however,  to  discuss  this  subject  more  fully  at 
present,  the  Admiralty  not  having  yet  published  the  final 
installment  of  the  *' Challenger"  temperature-sections.  And  I 
shall  confine  myself  to  an  expression  of  my  earnest  hope  that 
the  ship  to  be  sent  next  year  to  communicate  with  the  Arctic 
Expedition  may  have,  as  part  of  its  work,  the  completion  of 
that  which  the  "Valorous"  was  disabled  from  periorming — 
namely,  the  obtaining  a  continuous  temperature-section  between 
Iceland  and  Greenland,  and  another  across  Davis  Strait. 


Akt.  XLIX. —  On  the  Influence  of  Geological  Changes  on  the 
Earth's  Axis  of  Botatvm  ;*  by  George  H.  Darwin,  M.A., 
Fellow  of  Trinity  College,  Cambridge.  Received  by  the 
Eoyal  Society  October  13,  1876.  f 

The  subject  of  the  fixity  or  mobility  of  the  earth's  axis  of 
rotation  in  that  body,  and  the  possibility  of  variations  in  the 
obliquity  of  the  ecliptic,  has  of  late  been  attracting  much 
attention ;  but  the  author  believes  that  it  has  not  hitherto  been 
treated  at  much  length.  The  paper,  of  which  the  following  is 
an  abstract,  is  an  attempt  to  investigate  the  results  of  the  sup- 
position that  the  earth  is  slowly  changing  its  shape,  with 
especial  reference  to  the  effects  on  the  obliquity  of  the  ecliptic 
and  on  the  geographical  position  of  the  earth's  axis  of  figure. 

1.  This  part  of  the  paper  is  devoted  to  the  consideration  of 
the  precession  and  nutations  of  an  ellipsoid*  of  revolution  which 
is  slowly  and  uniformly  changing  its  shape.  The  change  is 
supposed  to  proceed  from  causes  internal  to  the  earth,  and  only 
to  continue  so  long  as  the  total  changes  in  the  principal 
moments  of  inertia  C  and  A  remain  small  compared  to  their 
difference,  C — A. 

The  problem  is  treated  by  means  of  M.  Liouville*s  extension 
of  Euler's  equations  of  motion  of  a  rigid  body  about  a  pointf 
By  an  approximate  method  these  equations  may  be  treated  as 
linear,  and  the  solution  divided  into  two  parts. 

Let  0  be  the  obliquity  of  the  ecliptic;  n  cosec  6  the  preces- 
sion of  the  equinoxes;  — n  the  angular  velocity  of  rotation  of 

*  Since  this  paper  was  in  manuscript  Sir  William  Thomson  has  delirered  bis 
address  to  the  Mathematical  Section  of  the  British  Association  at  Glasgow.  He 
therein  touches  on  this  subject,  and  g^ves  some  of  the  results  attained  here ;  but 
as  he  has  not  stated  how  he  has  attacked  the  problem,  and  as  the  subject  has  been 
recently  attracting  much  attention,  the  author  still  ventures  to  offer  his  paper  to 
the  Rojal  Society. 

f  Abstract  of  Mr.  Darwin's  Memoir,  from  the  Proceedings  of  the  Boyal  Society 
ZXF,  No.  175,  328. 

f  Liouv.  Journ.,  2«  s^ne,  t.  m,  \^^%,^.  \\  Bjouth's  Rigid  Dynam,  p.  160. 
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the  ellipsoid;  A+o<i  A+&<;  C+c^  the  principal  moments  of 
inertia  at  the  time  t  Then  it  is  shown  that  tne  secular  effect 
on  the  obliquity  of  the  ecliptic,  as  resulting  from  the  motion  of 
the  principal  axes  in  the  body  (which  constitutes  the  first  part 
of  the  solution),  is  given  by  the  equation 

^__  JI  a+t-2c 
dt         2n        A      ' 

and  as  resulting  from  the  change  in  the  impressed  forces,  due 
to  the  change  of  shape  of  the  body  (which  constitutes  the  second 
part),  is  given  by 

d9_  na+J-2c 
cft""2n     C-A   • 

The  former  part  maj  be  neglected  compared  with  the  latter. 
But  from  such  geological  changes  as  we  are  entitled  to  assume 
in  the  case  of  the  earth,  the  total  change  in  the  obliquity  of  the 
ecliptic  must  be  exceedingly  small.  Even  gigantic  polar  ice- 
caps during  the  Glacial  period  could  not  have  altered  the  posi- 
tion of  the  arctic  circle  by  so  much  as  three  inches ;  and  this  is 
ihe  most  favorable  redistribution  of  matter  on  the  earth's  sur- 
face for  producing  that  effect  Thus  the  obliquity  of  the 
ecliptic  has  remained  sensibly  constant  throughout  geological 
history. 

It  is  also  shown  that,  during  anv  gradual  deformation  of  the 
ellipsoid,  the  instantaneous  axis  of  rotation  will  always  remain 
sensibly  coincident  with  the  principal  axis  of  figure. 

In  the  course  of  the  work  oy  which  the  previous  results  are 
attained  there  is  shown  to  be  a  small  inequality  in  the  motion 
of  the  instantaneous  axis,  in  consequence  of  which  that  axis 
describes  a  circle  with  uniform  velocity,  and  is  coincident  with 
the  axis  of  figure  every  S06th  day  (in  the  earth).  This  circle 
touches  the  meridian  along  which  the  axis  of  figure  is  traveling 
in  consequence  of  the  deformation  of  the  eartn's  shape.  The 
diameter  of  the  circle  is  shown  in  a  particular  case  (not  unfavor- 
able to  produce  a  large  effect)  to  be  less  than  j4t^'*  ^^^ 
although  this  inequality  appears  to  be  so  small,  it  is  of  interest 
and  is  discussed  at  some  length.  It  is  shown  that,  if  the  earth 
be  not  quite  rigid,  this  inequality  might  have  the  effect  of 
modifying  the  path  of  the  axis  of  figure  in  the  body,  in  con- 
sequence of  reaajustments  to  a  figure  of  equilibrium. 

Various  hypotheses  as  to  the  power  oi  adjustment  are  con- 
sidered, and  the  paths  of  the  instantaneous  and  principal  axes 
in  the  precession  of  a  viscous  spheroid  undergoing  deformation 
are  found. 

It  is  maintained  that  although  the  earth  may  be  sensibly  rigid 
to  the  tidally  deforming  forces  exercised  by  the  sun  and  moon, 
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it  would  not  be  so  to  considerable  departures  from  the  figure 
of  equilibrium,  such  as  would  arise  mm  a  wandering  of  the 
pole  of  figure  from  its  initial  position ;  and  that  readjustments 
to  an  approximate  form  of  equilibrium  probably  take  place,  at 
considerable  intervals  of  time,  impulsively  by  means  of  earth* 
quakes.  Such  periodical  adjustments  would  not  sensibly 
modify  the  geographical  path  of  the  principal  axis  as  due  to 
terrestrial  deformation.  But  it  is  heid  that  during  the  con- 
solidation of  the  earth  there  must  have  been  great  instability  in 
the  geographical  position  of  the  poles.  Throughout  the  rest  of 
the  inquiry,  however,  the  hypothesis  of  the  earth's  sensible 
rigidity,  together  with  the  possibility  of  more  or  less  rare 
impulsive  readjustments  to  the  figure  of  equilibrium,  is  adhered 
to.  In  consequence  of  these  results  dynamical  considerations 
may  be  dismissed,  and  it  only  remains  to  consider  the  kinemati- 
cal  question  of  the  change  in  the  earth's  principal  axes  due  to 
any  deformation  of  its  shape. 

2.  Formulae  for  this  end  are  here  found,  and  are  adapted  for 
numerical  calculation.  It  is  assumed,  in  the  first  place,  that 
the  deformation  is  such  that  there  is  no  change  in  the  strata  of 
equal  density ;  and  accordingly  all  suppositions  as  to  the 
.nature  of  the  internal  changes  accompanying  geological  up- 
heaval and  subsidence  are  set  aside. 

3.  The  forms  of  continent  and  depression  are  next  investi- 
gated, which,  for  the  transport  of  a  given  quantity  of  matter 
from  one  part  of  the  earth's  surface  to  another,  would  cause  the 
maximum  deflection  of  the  principal  axis  of  greatest  moment- 
subject,  however,  to  the  condition  that  the  layer  excavated  or 
piled  up  shall  nowhere  exceed  a  given  small  fraction  of  the 
earth's  radius. 

It  is  shown  that  the  continents  and  depressions  must  be  of  uni- 
form height  and  depth  ;  there  must  be  two  of  each,  all  similar  to 
one  another ;  that  each  has  one  of  its  own  kind  diametrically 
opposite  to  it ;  that  they  are  in  shape  sphero-conics,  formed  by 
the  intersection  of  a  certain  elliptic  cone  with  the  sphere; 
that  the  centers  of  the  four  sphero-conics  are  all  on  the  same 
complete  meridian  and  all  in  latitude  45^.  A  table  of  numeri- 
cal results  depending  on  the  values  of  certain  elliptic  functions 
is  given. 

4.  In  this  part  an  endeavor  is  made  to  collect  evidence  as  to 
the  extent  to  which  the  earth  may  have  undergone  deformation 
from  geological  changea  The  object  is  to  discover  what  are 
the  largest  areas  over  which  there  has  been  a  consentaneous  rise 
or  fall,  and  what  is  the  greatest  vertical  amount  of  that  rise  or 
fall ;  also  to  determine  how  the  erosion  of  the  land  and  the  sea 
aftect  the  local  excesses  or  deficiencies  of  matter  on  the  earth's 
surface.     The  areas  and  amounts  of  elevation  and  subsidence 
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which  on  a  sealess  and  rainless  globe  are  equivalent,  as  far  as 
producing  excesses  or  deficiencies  of  surface  matter,  to  those 
which  obtain  on  the  earth  are  referred  to  as  "  eflFective ;"  and  it 
is  only  the  eflFective  elevation  or  subsidence  which  we  require 
to  know  in  order  to  determine  the  shift  of  the  earth's  axis. 

The  evidence  as  to  area  is  very  meager,  because  precise 
boundaries  to  regions  of  elevation  and  subsidence  cannot  be 
assigned ;  but,  faute  de  mteitx,  the  author's  father,  Mr.  Charles 
Darwin,  marked  out  for  him  on  a  map  an  area  in  the  Pacific 
Ocean  which  (on  account  of  the  structure  of  the  coral  islands) 
he  believes  to  have  undergone  subsidence  within  a  recent 
geological  period.  From  a  consideration  of  this  and  of  other 
points  the  author  believes  that  from  j\  to  j\  of  the  whole 
earth's  surface  may,  from  time  to  time,  have  undergone  eleva- 
tion and  subsidence  The  greatest  vertical  effective  amount  of 
rise  or  &11  cannot  be  determined  from  geological  evidence, 
because  of  the  effects  of  erosion  and  of  the  influx  of  the  sea  into 
parts  below  the  mean  level  of  the  earth. 

The  only  way  of  determining  the  point  seems  to  be  to  find 
what  is  the  difference  of  mass,  standing  on  unit  area  of  the 
earth's  surface,  in  an  ocean  of,  say,  16,000  feet  deep,  and  in 
land  of,  say,  1100  feet  higL  From  this  difference  of  mass  the 
effective  elevation  of  an  ocean-bed  in  its  conversion  into  land 
can  be  at  once  determined.  Taking  the  above  numbers,  it  is 
found  to  be  10,486  feet;  and  in  the  examples  given  in  the 
following  part,  the  deflection  of  the  polar  axis,  for  an  assumed 
^ective  elevation  of  10,000  feet,  is  given  in  each  case 

It  is  then  pointed  out  that,  if  the  deformation  of  the  earth 
were  of  very  wide  extent,  the  level  surface  of  the  sea  would 
approximately  follow  the  rocky  surface,  and  that  thus  there 
might  be  sumcient  change  in  the  earth's  shape  to  sensibly  affect 
the  position  of  the  principal  axis,  without  there  being  any 
geological  si^s  of  elevation  or  subsidence. 

5.  Numerical  application  is  now  made  of  the  preceding  work 
to  the  case  of  the  earth,  and,  as  before  stated,  all  the  results  are 
given  for  10,000  feet  of  effective  elevation. 

The  first  application  is  to  continents  and  seas  of  maximum 
effect,  and  a  table  of  results  is  given.  It  may  be  here  stated 
that  if  tJt  ^f  ^^^  earth's  surface  is  elevated,  the  deflection  of 
the  pole  is  Hi' ;  if  Vi,  1""  4Si' ;  if  j\,  8°  17' ;  and  if  i,  8°  4i'.* 
In  each  case  an  equal  area  is  supposed  to  fall  simultaneously. 

Other  examples  are  then  given  for  continents  and  seas  which 
do  not  satisfy  the  maximum  condition  ;  in  some  the  boundaries 
are  abrupt  cliffs,  in  others  shelving. 

The  conclusion  is  arrived  at,  that  a  single  large  geological 

*  The  area  of  Africa  is  about  '059,  and  of  South  America  about  '033  of  the 
earth's  surfaoe. 
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produce  an  alteration  in  the  position  of  the  pole  of  from  one  to 
change,  such  as  those  which  obtain  on  the  earth,  is  competent  to 
three  degrees  of  latitude,  on  the  hypothesis  that  there  is  no 
change  in  the  law  of  internal  density. 

6.  V  arious  hypotheses  as  to  the  nature  of  the  internal  changes 
accompanying  the  deformation  of  the  earth  are  discusaed. 

Firsts  it  is  shown  that  if  upheaval  and  subsidence  are  due  to 
a  shrinking  of  the  earth  as  a  whole,  but  to  the  shrinking  being 
quicker  than  the  mean  in  some  r^ons  and  slower  in  oihen, 
tne  results  are  the  same  as  those  previously  attained. 

Seeondj  the  increase  of  surface  matter  due  to  the  deposit  of 
marine  strata  also  gives  the  same  results. 

Thirds  the  hypothesis  that  upheaval  and  subsidence  are  due 
to  the  intumescence  or  contraction  immediately  ander  the 
regions  in  question  is  considered.  Under  certam  special  as- 
sumptions, too  long  to  recapitulate,  it  is  shown  that  the  previ- 
ous results  must  be  largely  reduced.  A  table  of  the  values  of 
the  reducing  factor  for  various  thicknesses  of  the  intumescent 
strata  is  given ;  from  which  it  appears  that  if  the  stratum  is 
tolerably  thin  and  at  all  near  the  sur&ce,  the  deflection  of  the 
pole  is  reduced  to  quite  an  insignificant  amount.  Even  if  the 
mtumescence  extends  right  down  to  the  center  of  the  earth  in  a 
cone  bounded  by  the  elevated  region,  the  results  would  be  only 
about  f  of  the  former  onea  Hence  it  appears  that  the  earlier 
results  can  only  be  stated  as  a  superior  limit  to  what  is  possible. 

7.  In  conclusion  it  is  pointed  out  that  if  the  earth  be  quite 
rigid,  no  redistribution  of  matter  in  new  continents  could  ever 
cause  the  deviation  of  the  pole  from  its  primitive  position  to 
exceed  the  limit  of  about  3^.  But  if  the  previously  maintained 
view  is  correct,  that  the  earth  readjusts  itself  periodically  to  a 
new  form  of  equilibrium,  then  there  is  possibility  of  a  cumula- 
tive eflfect;  and  the  pole  may  have  wandered  some  10®  or  15® 
from  its  primitive  position,  or  have  made  a  smaller  excursion 
and  returned  to  near  its  old  place.  No  such  cumulation  is 
possible,  however,  with  respect  to  the  obliquity  of  the  ecliptic. 

It  is  suggested  that  possioly  the  glacial  period  may  not  have 
been  really  one  of  great  cold,  but  that  Europe  and  North 
America  may  have  been  then  in  a  much  higher  latitude,  aud 
that  on  the  pole  retreating  they  were  brought  back  a^in  to  the 
warmth.  Tnere  seem  to  be,  however,  certain  geological  objec- 
tions to  this  view. 
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Manufacture ;  by  C.  LoBiNO  Jackson. 

In  the  spring  of  1876  under  tbe  direction  of  Pro£  A.  W. 
Hofmann  1  investigated  a  waste-product  from  the  &tctorj  of 
Drs.  Martins  and  Mendelssohn-fiartholdy  at  Rummelsburg  near 
Berlin,  which  was  obtained  after  the  toluidine  had  passed  over 
in  the  annual  rectification  of  the  highest  fractions  from  the 
aniline-oil  distillation.  The  results  I  then  obtained  were  pub- 
lished in  the  Berichte  der  Deutschen  Chdmischen  Oesellschaft 
for  1875,  page  968,  and  may  be  briefly  restated  as  follows  by 
way  of  introouction  to  my  subsecjuent  work. 

The  substance,  a  black  oily  liquid,  was  dissolved  in  strong 
hydrochloric  acid,  and  freed  from  tar  by  repeated  filtration ; 
the  oily  base  set  free  by  sodic  hydrate  was  then  f ractioned,  and 
yielded  at  first  xylidine  and  allied  bodies  which  were  not 
farther  examined ;  later  a  fraction  from  280**  to  820°  which, 
after  removal  of  naphtylamine  with  dilute  sulphuric  acid,  was 
converted  into  a  nitrate  and  purified  by  crystallization  ;  it  then 
formed  radiated  groups  of  white  needles  which  gave  on 
analysis : 

Calculated  for  0|,H|4NN0,.  Obeeired. 

Carbon 68-41  63-38 

Hydrogen 6-69  6-66 

By  heating  with  nitric  acid  a  magenta-colored  substance  was 
formed  which  rendered  it  very  difficult  to  obtain  tbe  salt  white. 

The  sulphate  was  very  soluble. 

The  chloride  C,  ,H,  -IfCl  crystallized  in  white  flat  needles. 

The  platinum  salt  (C,  3,H,^N),PtClj  crystallized  in  very 
characteristic  fan-like  groups  of  sparingly  soluble  light  yellow 
needles  often  more  than  half  a  centimeter  long.  The  analysis 
gave 

Calculated.  Found. 

Platin  am 26*36  26*39 

Carbon 40*08  SBYB 

Hydrogen   3*69  3-82 

The  free  base  C, -H,  ^N  was  obtained  as  an  oil  which  gave 
with  chloroform  and  potassic  hydrate  a  smell  similar  to  that  of 
the  isocyanides ;  it  was  therefore  a  primary  amine,  and  its  form- 
ula must  be  written  0, 3H,  ,NHj. 

An  acet-compound  C,  ,11,  jNHCjHjO  was  also  prepared  by 
the  action  of  acetyl-chloride  on  the  free  base ;  it  crystallized  in 
white  needles  and  melted  at  114^*26.  At  that  time  also  some 
attempts  were  made  to  obtain  syntheticallv  a  base  with  the 
same  formula,  but  the  results  were  not  published 
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At  the  beginning  of  the  next  year,  T.  Camelly*  described  a 
base  0,  ,11,  ,NH,  formed  by  the  reduction  of  mononitrotolyl- 
phenyl  made  synthetically,  but  as  he  did  not  describe  either 
the  acet-compound  or  the  platinum  salt  there  were  no  data  for 
a  comparison  of  his  base  with  mine ;  to  furnish  such  data  is 
the  object  of  the  present  paper.  Camelly  found  that,  on  addi- 
tion of  sodic  hydrate  to  a  salt  of  his  base  and  extraction  with 
ether,  on  evaporating  the  ether  "  an  oily  body  was  first  pro- 
duced from  which  there  separated  out  a  small  quantity  of 
needle-shaped  tufts.  The  melting-point  of  these  after  careful 
drying  was  found  to  be  93°-97^"  Under  the  same  conditions 
my  base  also  furnished  an  oil,  but  at  the  time  of  the  investiga- 
tion in  Berlin  I  observed  no  crystals.  In  the  hope  that  longer 
standing  would  cause  it  to  soliaify  I  have  since  tne  publication 
of  Camelly's  paper,  precipitated  the  small  quantity  of  the  salts 
of  my  base  still  at  my  disposal  with  sodic  hydrate  and  allowed 
the  Drown  oil  thus  obtamed  to  stand  undfer  a  bell-jar ;  after 
several  days  crystals  appeared,  and  in  a  few  weeks  it  had 
changed  nearly  completely  into  good-sized  prismatic  crystals 
arranged  in  pennate  groups  which  broke  up  on  pressure  into 
rough  octahedral  massea  Freed  by  means  of  filter-paper  from  a 
little  adhering  brown  oil  these  crystals  melted  at  46-70® ;  fipom 
an  ethereal  solution  the  substance  separated  as  a  brown  oil 
solidifying  on  stirring  to  pennate  plates  with  the  same  melting- 
point  as  before  recrystaliization.  The  crystals  were  insoluble 
m  water,  freely  soluble  in  alcohol,  ether  and  benzol,  and  in- 
stantly converted  by  hydrochloric  acid  into  a  chloride  which 
dissolved  easily  in  water  and  was  obtained  crystallized  in  white 
flattened  needles  two  and  a  half  centimeters  long  melting  with 

Eartial  decomposition  near  200^,  whereas  Carnelly's  crystalline 
ase  when  heated  with  hydrochloric  acid  **  dissolved  only  after 
long  boiling ;  on  cooling,  small  fine  white  silky  needles  were 
deposited,  which  were  separated  from  the  mother- liquor,  washed 
with  a  little  water  and  dried  over  lime,  after  which  they  were 
found  to  melt,  with  blackening,  at  280^  to  283°." 

From  this  comparison  it  is  evident  that  the  base  described 
by  Camelly  is  not  identical  but  isomeric  with  that  obtained  by 
me,  and  this  view  is  further  confirmed  by  the  fact  that  the 
fan-shaped  crystal-groups  of  the  platinum  salt  of  my  base 
were  so  characteristic  that  Carnelly  would  have  certainly  de- 
scribed them  had  his  platinum  salt  appeared  in  this  form. 

Finally,  it  is  worth  mentioning  that  in  1875  I  had,  as  an- 
nounced at  the  end  of  my  first  paper,  attempted  to  prepare 
synthetically  a  base  with  this  formula,  and  even  after  the  publi- 
cation of  Camelly's  paper,  as  my  method  was  different  from  his, 
I  determined  to  bring  the  experiments  for  which  I  had  pro 

*  3o\mi.  CbsBL  Soc^  n,  xiy,  21. 
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rided  material  to  a  conclusion  before  abandoning  the  field  to 
lim ;  the  work  however  was  delayed  by  other  and  more  im- 
)ortant  researches  and  it  was  not  nntil  this  winter  that  I  was 
^eady  to  examine  the  products  of  the  reaction  of  sodium  on 
k  mixture  of  parabromanilin  and  parabrom toluol;  just  as  I 
lad  proved  the  absence  of  any  base  other  than  bromanilin  I 
received  the  paper*  Ueber  eine  neue  Bildunc  des  Azoben- 
x>l8  by  R  Anscnuetz  and  G-.  Schultz  and  guided  by  it  have 
lacceeded  in  detecting  also  the  azobenzol.  I  can  therefore  con- 
irm  the  results  recorded  in  that  paper  in  every  particular. 

To  avoid  interfering  with  any  of  the  above-named  gentle- 
aen  I  intend  to  abandon  this  line  of  research. 

Ohfimical  Laboratory  of  Harvard  Uniyersity,  Oambridge,  Mass.,  March  3d,  1877. 


Abt.  LL — On  an  association  of  Oold  with  Scheelite  in  Idaho; 

by  B.  Silliman. 

A  CORRESPOKDEKT  in  Idaho  has  lately  sent  me  a  specimen, 
>btained  from  a  mineral  vein,  in  which  native  gold  is  associated 
vith  scheelite  and  quartz.  On  account  of  some  resemblance  in 
;olor  to  ^rossular  garnet,  the  miners  mistook  the  scheelite  for 
his  species.  But  the  high  density  of  the  mass  at  once  attracts 
ittention  and  a  trial  for  hardness  alone  proves  it  is  not  garnet 
Phe  pyrognostic  characters  also  show  the  absence  of  silica  and 
;he  presence  of  tungstic  acid.  The  powdered  mineral  treated 
frith  hydrochloric  acid  develops  at  once  the  characteristic  yellow 
>f  tUDSstic  acid,  and  zinc  converts  this  solution  to  the  familiar 
>lue  of  tungstic  oxide. 

The  gold  appears  in  the  scheelite,  intimately  associated  with 
i  small  amount  of  pyrite,  interspersed  in  the  mass  of  scheelite 
md  quartz.  The  pyrite  is  considerably  decomposed,  yielding 
yellowish-brown  oxide  of  iron,  and  some  green  stains  indicate 
dso  chalcopyrite,  traces  of  whicb  are  detected  by  close  obser- 
vation. Leucopyrite  is  also  present  in  minute  quantities.  But 
he  total  quantity  of  sulphides  is  certainly  not  over  1  to  1^  per 
^nt  of  the  mass,  if  so  much. 

The  scheelite  is  massive,  with  few  crystalline  faces;  its  color 
8  yellow-brown,  resembling  chondrodite.     Portions  of  it  are 

Iuite  free  from  quartz  or  any  mineral  but  gold.  T  found  the 
ensity  of  the  entire  mass  (weighing  879*42  grams)  to  be  3*27. 
Taking  the  density  of  quartz  =2*66,  and  of  scheelite  =6,  and 
lisregarding  the  minor  constituents  of  the  mass,  the  proportions 
)f  these  two  minerals  is  as  270: 109*87,  or  2*46  parts  of  quartz 
o  1  part  of  scheelite.    This  is  doubtless  much  above  the  aver- 

*  Ber.  Deutedi.  Ohem.  GMellachaft,  iz,  1398. 
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age  amouDt  of  scheelite  in  the  vein,  as  a  whole,  bat  the  high 
density  of  the  tungstate  renders  its  separation  from  quartz  by 
mechanical  dressing  an  easy  matter,  and  suggests  this  as  a  val- 
uable resource  for  tungstic  acid,  the  value  of  which  in  the  form 
of  sodic  tungstate,  for  fire-proofing  textile  fabrics,  is  well  un- 
derstood.   Locality. — Charity  Mine,  Warren's,  Idaho  Territory. 

My  correspondent  says :  "  The  miners  on  this  ledge  (lode) 
lately  struck  a  pocket  of  ore  similar  to  that  I  send,  and  in  a 
few  evenings  pounded  out  in  a  hand  mortar  about  one  thousand 
dollars,  gold  value,  from  a  few  candle  boxes  full  of  ore.  The 
ore  usually  pays  about  twenty  dollars  per  ton." 

The  affinities  of  mineral  association  indicate  that  cassiterite 
and  wolfram  may  reasonably  be  looked  for  in  the  future  explor- 
ation of  this  interesting  vein. 

.  Since  writing  the  above,  I  have  learned  of  another  and  much 
more  interesting  example  of  the  occurrence  of  gold  in  scheelite, 
from  Golden  Queen  Mme,  Lake  Co.,  Golorada  The  gold  is  in 
minute  crystalline  granules  in  the  scheelite  and  nils  what 
appears  to  have  been  a  geode  of  scheelite  crystals. 

New  Hayen,  April  19,  1877. 


Art.  LIL — Ninth  Report  of  the  British  Association  Oommittee^ 
appointed  for  the  purpose  of  investigating  the  Rate  of  Increase 
of  Underground  Temperature  downward  in  various  Localities  of 
Dry  Land,  and  under  Water ;  drawn  up  by  Prof.  Everett, 
Secretary  of  the  Committea* 

A  REMARKABLE  series  of  observations  have  recently  been 
taken  in  a  boring  at  Sperenberg,  near  Berlin.  The  bore  was 
carried  to  the  depth  of  4,052  Ehenish  (or  4,172  English)  feet, 
and  was  entirely  in  rock  salt  with  the  exception  of  the  first ' 
283  feet,  which  were  in  gypsum  with  some  anhydrite.  The 
observations  were  taken  under  the  direction  of  Herr  Eduard 
Dunker,  of  Halle-an-der-Saale,  and  are  described  by  him  in  a 
paper  occupying  thirtjr-two  closely  printed  quarto  pages  (206- 
238)  of  the  Zeitschrift  fur  Berg-Hutten-und-Salinen-Wesen 
(xx  Band,  2  und  3  Lieferung,  Beriin,  1872). 

The  instrument  employed  for  measuring  the  temperature  was 
the  earth -thermometer  of  Magnus,  which  gives  its  indications 
by  the  overflowing  of  mercury,  which  takes  place  when  the 
instrument  is  exposed  to  a  higher  temperature  than  that  at 
which  it  was  set     To  take  the  reading  it  was  immersed  in 

*  The  committee  oonsisted  of  Prof.  Everett,  Sir  W.  Thomson,  Prol  J.  CM 
Kaxwell,  G.  J.  Symons^  Prof.  Ramsay,  Prof.  A.  Geikie,  James  Glaish^,  Geocge 
Maw,  W.  Pengelly,  Prof.  Hull,  Prof.  Ansted,  Prof.  Prestwidc,  Dr.  0.  Le  Kew 
Poster,  Prol  A.  B.  HenchfiY,  Q.  A.  Lebour,  and  A.  B.  Wynne. 
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water  a  little  colder  than  the  temperature  to  be  measured ;  the 
temperature  of  this  water  is  noted  by  means  of  a  normal  ther- 
mometer, and  at  the  same  time  tbe  number  of  degrees  that  are 
empty  in  the  earth-thermometer  is  noted.  From  these  data 
the  maximum  temperature  to  which  the  instrument  has  been 
exposed  can  be  deduced,  subject  to  a  correction  for  pressure, 
which  is  not  very  large,  because  the  same  pressure  acts  upon 
the  interior  as  upon  the  exterior  of  the  thermometer. 

In  the  following  risumS  (as  in  the  original  paper)  tempera- 
tares  are  expressed  in  the  B6aumur  scale,  and  depths  in 
Rhenish  feet,  the  Bhenish  foot  being  1-029722  English  foot 

Observations  were  first  taken  at  intervals  not  exceeding  one 
hundred  feet,  from  the  depth  of  one  hundred  feet  to  that  of 
4042  feet,  the  temperature  observed  at  the  former  depth  being 
11-0,  and  at  the  latter  88*5 ;  but  all  these  observations,  though 
forming  in  themselves  a  smooth  series,  were  afterward  rejected, 
on  the  ground  that  they  were  vitiated  by  circulation  of  water 
and  consequent  convection  of  heat. 

It  has  often  been  supposed  that  though  this  source  of  error 
may  affect  the  middle  and  upper  parts  of  a  bore,  it  cannot 
affect  the  bottom ;  but  the  Sperenberg  observations  seem  to 
prove  that  no  such  exemption  exists.  When  the  bore  had 
attained  a  depth  of  nearly  8,890  feet  with  a  diameter  of  twelve 
inches  two  Imes  at  the  bottom,  an  advance  bore  of  only  six 
inches  diameter  was  driven  seventeen  and  one-half  feet  further. 
A  thermometer  was  then  lowered  half-way  down  this  advance 
bore,  and  a  plug  was  driven  into  the  mouth  of  this  advance 
bore  so  as  to  isolate  the  water  contained  in  it  from  the  rest  of 
the  water  above.  After  twenty-eight  hours  the  plug  was 
drawn  and  the  thermometer  showed  a  temperature  of  86*6. 
On  the  following  day  the  temperature  was  observed  at  the 
same  depth  without  a  plug,  and  found  to  be  33*6.  Another 
observation  with  the  plug  was  then  taken,  the  thermometer  (a 
fresh  instrument)  being  left  twenty-four  hours  in  its  position. 
It  registered  86*5,  and  again,  without  plugging,  it  gave  on  the 
same  day  88*9.  It  thus  appears  that  the  effect  of  convection 
was  to  render  the  temperature  in  the  advance  bore  8**  R  too 
low. 

Apparatus  was  then  employed  for  isolating  any  portion  of  a 
bore  by  means  of  two  plugs  at  a  suitable  distance  apart  with 
the  thermometer  between  them.  This  operation  was  found 
much  more  diflScult  than  that  above  described,  but  in  several 
instances  it  gave  results  which  were  deemed  quite  satisfactory ; 
while  in  other  instances  the  apparatus  broke,  or  the  plugging 
was  found  imperfect  The  deepest  of  the  successful  observa- 
tions bv  this  method  was  at  2,100  feet,  and  the  shallowest  was 
at  700  feet    The  first  444  feet  of  the  bore  were  lined  with  iron 

Am.  Jomu  Sox.— Thibd  Smns,  Vol.  XTTT,  Ko.  1^— IxnEm^ Ym« 
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tubes,  between  which  the  water  had  the  opportunity  of  circula- 
ting even  when  the  innermost  tube  was  plugged,  hence  the 
observations  taken  in  this  part  were  rejected. 

All  the  successful  observations  are  given  in  the  third  column 
of  the  following  table,  subject  to  a  correction  for  pressure;  and, 
for  the  sake  of  showing  the  error  due  to  convection  in  the  ordi- 
nary mode  of  observing,  the  temperatures  observed  at  the  same 
depths  when  no  plugs  were  used,  are  given  in  the  second 
column : 


Depth  tn 
ftet. 

Temperalnre  BMomor. 

WlthOQt 

^tagging. 

With 
plugging. 

Offfsmtoe* 

700 
900 
1,100 
1,300 
1,600 
1,700 
1,900 
2,100 
3,390  . 

1608 

17-18 

1908 

20-38 

22*08 

22-9 

24-8 

26-8 

341 

1706 

18-6 

20-8 

211 

22-8 

241 

25-8 

271 

3616 

0-98 

1*32 

0-72 

0-72 

0-72 

1-2 

1-0 

0-3 

2-06 

These  temperatures  are  not  corrected  for  pressure,  but  they 
are  corrected  for  rise  of  zero  in  the  normal  tDermometer ;  and 
this  last  circumstance  explains  the  difiPerence  of  0*4  between  the 
temperature  86*16  here  given  and  86*55,  which  is  the  mean  of 
the  above-mentioned  observations  at  the  depth  of  8,390  feet 

Another  proof  of  the  injurious  effect  of  convection  was  ob- 
tained by  comparing  the  observed  temperatures  (without  plug- 
ging) in  the  first  400  feet  of  the  great  bore,  designated  Bore  I, 
with  the  temperatures  observed  at  the  same  depths  during  the 
sinking  of  another  bore,  designated  Bore  11,  near  it ;  the  ob- 
servations in  this  latter  being  always  taken  at  the  bottom. 
The  following  were  the  results  : 


Depth  In 
feet. 

Temperature. 

BoreL 

Bore  II. 

100 
200 
300 
400 

110 
11-6 
12-3 
13-6 

90 
10-4 
11-6 
12-6 

The  temperature  at  the  depth  of  one  hundred  feet  in  the 
great  bore  thus  appears  to  have  been  raised  about  2°  R  by 
convection. 

The  following  is  a  table  of  the  successful  observations,  cor- 
rected for  pressure : 
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Depth  In  BheniBb 

Temperfttiire 

feet. 

Reanmnr. 

700 

17-276 

900 

18-780 

1,100 

21147 

1,300 

21-610 

1,600 

23-277 

1,700 

24*741 

1,900 

26*604 

2,100 

28-668 

3,390 

37238 

Assuming,  with  Herr  Dunker,  the  mean  temperature  of  the 
surface  to  oe  7*18,  which  is  the  mean  annual  temperature  of 
the  air  at  Berlin,  we  have  the  following  increments  of  tempera- 
ture with  depth : 


Increase 

Increase  per 
100  feet 

Dmth  In  Rheniih 

Increment  of 

per  100  feet 

fcet. 

of  depth. 

temperature. 

deg.  Reaumur. 

deg.  Fahr. 

OtO     700 

700 

10-096 

1*442 

3-24 

7«»   -m^io     900 
L^a   4«^to  1,100 
7       1,100  to  1,300 

200 

1606 

•762 

1-69 

200 

2367 

1184 

2-6S, 

200 

0-363 

•182 

•41 

1,300  to  1,600 

200 

1-767 

•884 

1-99 

1,600  to  1,700 

200 

1*464 

•732 

1-65 

1,700  to  1,900 

200 

1-763 

-882 

1-98 

1,900  to  2,100 

200 

2164 

1082 

2-43 

2,100  to  3,390 

1,290 

8-670 

-664 

1-49"' 

0  to  3,390 

3,890 

30-058 

•887 

200 

The  mean  rate  of  increase  found  by  comparing  the  tempera- 
tures at  the  surface  and  3,390  feet  is  exactly  1°  Fahr.  for  50 
Rhenish  or  61*5  English  feet 

The  numbers  in  ♦he  last  two  columns  exhibit  upon  the  whole 
a  diminution  with  increase  of  depth ;  in  other  words,  the  tempe- 
rature increases  less  rapidly  as  we  go  deeper  down.  As  regards 
the  first  700  feet,  which  exhibit  a  decidedly  more  rapid  rate 
than  the  rest,  it  must  be  remembered  that  nearly  half  of  this 
distance  was  in  a  different  material  from  the  rest  of  the  bore, 
being  in  gypsum  with  some  anhydrite,  while  all  the  rest  was  in 
rock  salt.     rrof.  Herschel  has  found,  in  recent  experiments  not 

Eet  published,  that  the  conductivity  of  rock  salt  is  exceedingly 
igh ;  and  theory  shows  that  the  rates  of  increase,  in  superim- 
posed strata,  should  be  inversely  as  their  conductivities.  We 
may,  therefore,  fairly  attribute  the  rapid  increase  in  the  first 
700  feet  to  the  relatively  small  conductivity  of  the  portion  (283 
feet)  which  is  not  rock  salt  The  slow  rate  of  increase  observed 
in  tne  long  interval  between  the  depths  of  2,100  and  3,390  feet 
is  not  so  easily  accounted  for ;  we  can  only  conjecture  that  this 
and  the  other  inequalities  which  the  above  table  presents,  for 
depths  exceeding  700  feetj%re  due  to  fissures  and  other  inequali- 
ties in  the  rock  which  have  not  been  put  in  evidence. 
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With  the  view  of  summing  up  his  results  in  small  compass, 
Herr  Dunker  has  assumed  the  empirical  formula : 

^=M8  +  aa;  +  ftaj», 

t  denoting  the  temperature  (Reaumur)  at  the  depth  x  (Bhenish 
feet) ;  and  has  computed  the  most  probable  values  of  a  and  b,  by 
the  method  of  least  squares.     He  finds 

a  =  •012986'7  J  =  —  -000000126791, 

the  negative  sign  of  b  indicating  that  the  increase  of  tempera- 
ture becomes  slower  as  the  depth  increases. 

A  paper  by  Prof.  Mohr,  of  Bonn,  as  represented  by  an  ab- 
stract published  in  Nature  (voL  xii,  p.  646),  has  attracted  atten- 
tion from  the  boldness  of  its  reasoning  in  reference  to  the 
Sperenberg  observations.  Prof.  Mohr,  however,  does  not  quote 
the  observations  themselves,  but  only  the  temperatures  calcu- 
lated by  the  above  formula,  which  he  designates,  in  his  original 
paper  {Neues  Jahrbuch  fur  Mineralogie^  etc.,  1875,  Heft  4), 
"tne  results  deduced  from  the  observations  by  the  method  of 
least  squares."  In  the  abstract  in  Nature  they  are  simply 
termed  "the  results  of  the  thermometric  investigation  of  the- 
Sperenberg  boring,"  a  designation  which  is  still  more  misleading. 

Attention,  is  called  to  the  circumstance  that  the  successive 
increments  of  temperature  for  successive  equal  increments  of 
depth,  form  an  exact  arithmetical  progression,  as  if  this  were  a 
remarkable  fact  of  observation,  whereas  it  is  merely  the  result 
of  the  particular  mode  of  reduction  which  was  adopted,  being  a 
mathematical  consequence  of  the  assumed  formula  t  =  718  -f 
ax  -f  bx^.  The  method  of  least  squares  is  not  responsible  for 
this  formula,  but  merely  serves,  after  this  formula  has  been 
assumed  for  convenience,  to  give  the  best  values  of  a  and  b. 

Herr  Dunker,  in  his  own  paper,  lays  no  stress  upon  the  for- 
mula, and  gives  a  caution  against  extending  it  to  aepths  much 
greater  than  those  to  which  the  observations  extend.  'Writing 
to  Prof  Everet  under  date  April, -1876,  he  requests  thai  in  the 
summary  of  his  results  to  be  given  in  the  present  Report,  the 
formula  should  either  be  suppressed  or  accompanied  by  the 
statement  that  its  author  reserves  a  diflTerent  deduction. 

The  following  are  the  diiferences  between  the  temperatures 
computed  by  the  formula  and  the  observed  temperatures: 


Depth. 

Difference  (computed 

nunut  oMerred). 

700 

- 1-621 

900 

-0-931 

1,100 

-1-204 

1,300 

-J- 0-427 

1,600 

-»- 0-663 

1,700 

.-f- 0-882 

1,^00 

-h  0-811 

7;,\0^ 

\ 

•v^-ia>% 

a,^^0 

Ar^-^AI 
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The  neceesity  of  adopting  some  means  to  prevent  the  circula- 
tion of  water  in  bores,  has  for  some  time  oeen  forcing  itself 
upon  the  attention  of  your  committee.  Many  of  the  observa- 
tions taken  by  their  observers  have  contained  such  palpable 
evidence  of  convection  as  to  render  them  manifestly  useless  for 
the  purpose  intended;  and  in  the  light  of  the  Sperenberg 
experiment  it  is  difficult  to  place  much  reliance  on  any  obser- 
vations taken  in  deep  bores  without  plugging.  The  selection 
of  a  suitable  form  of  plug  is  now  occupying  the  careful  atten- 
tion of  your  committee. 

Herr  Dunker's  paper  gives  a  verv  full  account  of  the  different 
kinds  of  plug  employed  at  Sperenberg. 

For  stopping  tne  mouth  of  the  advance-bore  the  plug  had  a 
tapering  shape,  and  was  of  hard  wood,  strengthened  by  two  iron 
rings,  one  at  each  end.  and  covered  with  a  layer  of  tow  five  lines 
thick,  outside  of  which  was  thick  and  strong  linen,  nailed  above 
and  below  to  the  wood,  through  a  leather  strap.  It  was  lowered 
into  its  place  by  means  of  the  iron  rods  usea  for  boring ;  and, 
when  in  position,  was  pressed  home  by  a  portion  of  the  weight 
of  the  roaa  The  plug  carried  the  thermometer  suspended  from 
it  Its  extraction  was  commenced  by  means  of  a  screw  on  the 
beam  of  the  boring  machine,  in  order  to  avoid  a  sudden  jerk, 
which  might  have  broken  the  thermometer.  The  force  which 
was  found  necessary  for  thus  starting  the  plug,  as  well  as  the 
impression  observed  upon  it  when  withdrawn,  showed  that  it 
haa  fitted  tight.  To  insure  a  good  fit,  the  top  of  the  advance- 
bore  had  been  brought  to  a  suitable  shape,  and  its  inequalities 
removed,  by  means  of  a  revolving  cutting-tooL  Herr  Danker 
remarks  that  this  plan  is  adapted  to  a  soft  material  like  rock-salt, 
but  that  in  ordinary  hard  rock  it  would  be  better  to  make  the 
bottom  of  the  main  bore  flat,  and  to  close  the  advance-bore  by 
an  elastic  disc  pressed  over  it  The  method  of  observation  by 
advance-bores  can  only  be  employed  during  the  sinking  of  the 
bore,  a  time  when  it  is  difficult  to  avoid  error  arising  from  the 
heat  generated  in  boring.  The  expense  of  making  an  advance- 
bore  at  each  depth  at  which  an  observation  is  required  is  also 
an  objection  to  its  usa 

Another  kind  of  plug  devised  by  Herr  Danker,  and  largely 
used  in  the  observations,  consisted  of  a  bag  of  very  stout  india- 
rubber  (nine  millimeters  thick)  filled  with  water,  and  capable  of 
being  pressed  between  two  wooden  discs,  one  above  and  the 
other  below  it,  so  as  to  make  it  bulge  out  in  the  middle  and  fit 
tightly  against  the  sides  of  the  bore.  On  the  suggestion  of  bore- 
inspector  Zobel,  the  pressure  was  applied  and  removed  by  means 
of  screwing.  Two  steel  springs  fastened  to  the  upper  disc,  and 
appearing,  in  Herr  Dunker's  diagram,  very  like  the  two  halves 
of  a  circular  hoop  distorted  into  an  oval  by  pressing  against  its 
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walls,  prevented  the  upper  disc  from  turning,  but  offered  little 
resistance  to  its  rising  or  falling.  The  lower  disc,  on  the  con- 
trary, was  permitted  to  turn.  Both  discs  were  carried  by  the 
iron  boring-rods.  Rotation  of  these  in  one  direction  screwed 
the  discs  nearer  together,  and  rotation  in  the  other  direction 
brought  them  farther  apart.  The  india-rubber  bag  could  thus 
be  made  to  swell  out  and  plug  the  bore  when  it  was  at  the 
desired  depth,  and  could  be  reduced  to  its  original  size  for  rais- 
ing or  lowering.  In  order  to  prevent  the  boring-rods  from 
becoming  unscrewed  one  from  another,  when  rotated  backwards, 
it  was  necessary  to  &8ten  them  together  by  clamps,  a  rather 
tedious  operation  in  working  at  great  depths. 

In  taking  observations  at  other  points  than  the  bottom,  two 
of  these  plugs  were  employed,  one  above  the  other  below  the 
thermometer. 

In  some  of  the  experiments,  the  apparatus  was  modified  by 
using  linen  bags  filled  with  wet  clay,  instead  of  india-rubber 
bags  filled  with  water ;  and,  instead  of  screwing,  direct  pressure 
was  employed,  the  lower  disc  being  supported  by  rods  extend- 
ing to  the  bottom  of  the  bore,  while  the  upper  disc  could  be 
made  to  bear  the  whole  or  a  portion  of  the  weight  of  the  rods 
above  it  Some  successful  observations  were  obtained  with  both 
kinds  of  bag;  but  the  water-bags  were  preferred,  as  returning 
more  easily  to  their  original  size  when  the  pressure  was  removed, 
and  consequently  being  less  liable  to  injury  in  extraction.  In 
some  observations  since  taken  in  another  place  (Sudenberg), 
Herr  Dunker  states  (in  the  private  letter  above  referred  to)  that 
india-rubber  bags,  filled  with  water,  and  pressed,  not  by  screw- 
ing, but  by  the  weight  of  the  rods,  were  employed  with  much 
satisfaction. 

All  the  methods  of  plugging  employed  by  Herr  Dunker  in- 
volved the  use  of  the  iron  rods  belonging  to  the  boring  appara- 
tus, and  therefore  would  be  inapplicable  (except  at  great 
expense)  after  the  operation  of  boring  is  finished  and  the 
apparatus  removed. 

It  seems  desirable  to  contrive,  if  possible,  some  plug  that  can 
be  let  down  and  raised  by  a  wire.  In  the  first  report  of  your 
Committee,  it  was  suggested  that  two  bags  of  sand,  one  above 
and  the  other  below  the  thermometer,  should  be  used  for  this 
purpose.  Bags  of  sand,  however,  would  be  liable  to  rub  off 
pieces  from  the  sides  of  the  bore,  and  thus  to  become  jammed 
m  drawing  up.  Mr.  Lebour  has  devised  a  plug  which  will  be 
of  small  diameter  during  the  process  of  lowering  and  raising, 
but  can  be  rendered  large  and  made  to  fit  the  bore,  when  at  the 

S roper  depth,  by  letting  down  upon  it  a  sliding  weight  suspen- 
ed  by  a  second  wire.     Sir  W.  Thomson  suggests  that  a  series 
of  india-rubber  disks^,  ^\,  a  considerable  distance  apart,  will 
probably  be  found  effeo\Ai^. 
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Mr.  Boot  bas  continued  bis  observations  in  tbe  bore  wbicb  be 
is  making  at  Swinderby,  near  Scarle  (Lincoln).  It  bas  now 
been  carried  to  tbe  deptb  of  2,000  feet,  and  is  in  eartbj  lime- 
stone or  calcareous  sbale,  of  Carboniferous  age.  Its  diameter  in 
tbe  lower  part  is  only  3|-  incbes.  In  April  last  tbe  temperature, 
78®  R,  was  observed  at  lr,960  feet ;  and  more  recentJjr  79°  F. 
was  observed  at  2,000  feet;  tbe  water,  in  eacbcase,  baving  been 
undisturbed  for  a  montb.  Supposing  tbese  results  not  to  be 
vitiated  by  convection,  and  assuming  tbe  mean  temperature  at 
tbe  surface  to  be  50°,  we  bave  an  increase  of  29°  in  2,000  feet, 
wbicb  is  at  tbe  rate  of  1°  in  69  feet. 

Mr.  Symons  bas  taken  a  series  of  observations  at  tbe  deptb 
of  1,000  feet  in  tbe  Kentisb  Town  well,  witb  tbe  view  of  deter- 
mining wbetber  tbe  temperature  cbanges.  Tbe  instrument 
employed  is  a  very  large  and  delicate  Phillips'  maximum  tber- 
mometer.     Tbe  following  is  a  list  of  tbe  observations : — 


Date  of  lowering. 


1874 

"     Mfty  8 

"    July  2 

'*    July  28 

'«    Sept  8 

'<     Sept  29 

»«    Oct  30 

"    DeoL  3 

1875  Jan.  7 

"    Feb.  1 

'<    Maroh  3 

"     Mfty  3 

June  1 

July  7 

Aug.  3 

Sept  10 

Oct  '  2 

Oct  19 

Nov.  1 


<( 
II 


Depth 

Indicated. 

Veet 

Ther. 

mometer 

set  St. 

1000 

64-60 

1000 

63-80 

1000 

63-20 

1000 

6610 

1000 

65-80 

1000 

65-81 

1000 

63-40 

1000 

63-80 

1000 

63-76 

1000 

63-90 

100<l 

63*90 

1000 

63-96 

1000 

6300 

1000 

63-87 

1000 

63-87 

1000 

6400 

1000 

63-90 

1000 

63-80 

1000 

63-70 

Date  of 
railing. 


May  8 

July  2 

July  28 

Sept  8 

Sept  29 

Oct  30 

Dec.  3 

Jan.  7 

Feb.  1 
March    3 

May  3 

June  1 

July  7 

Aug.  3 

Sept  10 

Oct  2 

Oct  19 

Nov.  1 

Dec.  1 


Temperatare. 
Fahr. 


66-82 

67-40 
67-61 
67-43 
67-68 
67-52 
67-63 
67-66 
67  58 
67-62 
67-49 
67-53 
67-58 
67-68 
67-58 
67-62 
67-62 
broke. 


Tbe  "  deptb  indicated  "  is  sbown  by  a  measuring  wbeel  or 
pulley,  over  wbicb  tbe  wire  runs  by  wbicb  tbe  tbermometer  is 
raised  and  lowered,  as  described,  with  a  diagram,  in  tbe  Report 
for  1869.  Tbe  above  table  sbows  that  there  is  always  some 
stretching,  real  or  apparent,  in  the  interval  between  lowering 
the  thermometer  and  raising  it  again.  Recent  observations  by 
means  of  a  fixed  mark  on  the  wire,  have  shown  that  the  change 
is  not,  in  tbe  main,  a  permanent  elongation,  but  an  alternation 
of  length.  It  is  probably  due  in  part  to  the  greater  tension 
wbicb  tbe  wire  is  under  in  raising  tnan  in  lowering,  a  circum- 
stance wbicb  will  clause  a  temporary  difference  of  length  varia- 
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ble  with  the  rapidity  of  winding  up ;  also  in  pari  to  the  circom- 
stance  that  the  wire  is  warmer  when  it  has  just  led  the  water 
than  when  it  is  about  to  be  let  down.  Some  portion  of  the 
irregularity  observed  may  be  due  to  variations  of  temperature 
in  that  part  of  the  well  (210  feet)  which  contains  air.  The 
observations,  taken  as  a  whole,  showthat  any  variations  of  tem- 
perature which  occur  in  this  well  at  the  depth  of  1,000  feet, 
are  so  small  as  to  be  comparable  with  the  almost  inevitable 
errors  of  observation.  The  observations  will  be  continued  at 
intervals  of  six  months,  with  additional  precautions,  and  with 
an  excessively  slow  (specially  constructed)  non-registering  ther- 
mometer, in  addition  to  the  maximum  thermometer  hitherto 
employed. 

Through  the  kindness  of  the  eminent  geologist,  M.  Delesse, 
of  the  Ecole  Normale  at  Paris,  observations  have  been  obtained 
from  the  coal  mines  of  Anzin,  in  the  north  of  France.  They 
were  taken  under  the  direction  of  M.  Marsilly,  chief  engineer 
of  these  mines.  Maximum  thermometers  of  the  protected 
Negretti  pattern,  were  inserted  in  holes  bored  horizontally  to 
the  depth  of  '6  or  '7  of  a  meter  in  the  sides  of  shafts  which 
were  in  process  of  sinking,  and  in  which  there  was  but  little 
circulation  of  air.  A  quarter  of  an  hour  was  allowed  to  elapse 
in  each  case,  after  the  boring  of  the  hole,  before  the  thermo- 
meter was  inserted,  and  the  hole  plugged.  Four  different 
shafts  were  tried.  Those  designated  as  Nos.  I,  IT,  III,  were 
in  the  mine  Chabaud  La  Tour ;  and  No.  IV  was  in  the  mine 
Benard. 

In  Shaft  I,  observations  were  taken  at  eight  different  depths, 
commencing  with  the  temperature  56i°  F.  at  the  depth  of  88*5 
meters,  and  ending  with  67}°  F.  at  200*5  meters. 

In  Shaft  II  there  were  observations  at  four  depths,  com- 
mencing with  55°  at  87*8  m.,  and  ending  with  63i°  at  186  m. 

In  Shaft  in  there  were  observations  at  three  depths,  com- 
mencing with  56°  at  87*8  m.,  and  ending  with  62^°  at  144  ra. 

These  three  shafts,  all  belonging  to  the  same  mine,  were  very 
wet,  and  the  temperature  of  the  air  in  them  was  11°  or  12°  C. 
(52°  or  54°  F.). 

In  Shaft  IV,  which  was  very  dry  and  had  an  air  temperature 
of  about  15°  C.  (59°  R),  observations  were  taken  at  six  depths, 
coinmencmg  with  70 J°  F.  at  21*2  m.,  and  ending  with  84°  F.  at 
184-8  m. 

The  mean  rates  of  increase  deduced  from  these  observations 
are : — 

In  Shaft     I,  1°  F.  in  14-4    m.,  or  in  47*2  feet. 
"  II,       "        11-6    m.,     "      37-7     " 

"         III,       "  8-65  UL,     "      28-4     " 

•     "         lY,       "  8-67  m.,     "      281     " 
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The  observer  meDtions  that  in  Shaft  II  there  was  at  the 
depth  of  90  m.  a  seam  of  c<)al,  in  which  beat  was  generated 
by  oxidation ;  but  no  such  remark  is  made  with  respect  to  any 
oi  the  other  shafts,  although  it  is  obvious  that  some  disturbing 
cause  has  rendered  the  temperatures  in  shaft  lY  abnormally 
high.  Possibly  the  heat  generated  in  boring  the  holes  for  the 
thermometers  in  this  shaft  (which  was  dry)  has  vitiated  the 
observations,  the  instruments  employed  bein^  maximum  ther- 
mometers. Two  of  the  slow  non-registenng  thermometers 
mentioned  in  last  yearns  report  have  been  sent  to  M.  Delesse, 
to  be  used  for  verification. 

The  slow-action  thermometers  are  constructed  on  the  follow- 
ing plan :  The  bulb  is  cylindrical  and  very  strong,  and  is  sur- 
rounded by  stearine  or  tallow,  which  fills  up  the  space  between 
it  and  a  strong  glass  shield  in  which  the  thermometer  is  in- 
closed. The  shield  is  not  hermetically  sealed  (not  being  intended 
for  protection  against  pressure),  but  is  stopped  at  the  bottom 
witn  a  cork,  so  that  the  thermometer  can  be  taken  out  and  put 
in  again  if  desired.  Stearine  and  tallow  were  selected,  after 
trials  of  several  substances,  including  paraffin  wax,  bees'  wax, 
glue,  plaster  of  Paris,  pounded  glass  and  cotton  wool.  The 
thermometers  are  inclosed  in  copper  cases  lined  with  india- 
rubber.  When  placed,  without  these  cases,  in  water  differing 
10®  from  their  own  temperature,  they  take  nearly  half  a  minute 
to  alter  by  one-tenth  of  a  degree. 

In  concluding  this  report,  your  committee  desire  to  express 
their  regret  at  the  losses  which  they  have  sustained  by  the 
deaths  of  Professor  Phillips,  Sir  Charles  Lyell,  and  Col.  Strange, 
of  whose  valuable  services  they  have  been  deprived  within  the 
last  three  years. 


SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1.  On  Iodine  Trichloride. — Christomanos  has  described,  as  an 
excellent  lecture  experiment,  the  preparation  of  pure  iodine  tri- 
chloride by  the  action  of  dry  cblonne  upon  dry  hydrogen  iodide, 
the  latter  gas  being  conducted  into  the  former  in  excess.  The  re- 
action takes  place  in  two  stages :  Hl-f  Clg=HCl+ICl  and  1C1+ 
CljZzIClj.  At  the  first  contact  of  the  two  gases,  a  transient 
white  dense  cloud  of  hydrogen  chloride  appears  in  which  float  in- 
numerable minute  gold-yellow  flakes  of  the  trichloride.  On  in- 
creasing the  flow  of  gaSjVeddish-violet  fumes  appear  and  the  gas 
frequently  ignites,  forming  an  experiment  of  great  splendor.  The 
walls  of  the  vessel  are  covered  with  thick,  bright  lemon-yellow 
crystals,  which  are  converted  into  the  monochloride  by  an  excess 
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of  hydrogen  iodide,  but  may  be  preserved  in  an  atmosphere  of 
chlorine.  Iodine  trichloride  roses  at  32°  C,  is  volatilized  at  47*5^ 
(though  it  gives  off  vapor  even  at  —12^)  and  is  dissociated  at 
72°  into  monoch]ori4^  and  chlorine.  It  is  soluble  in  cold  water 
without  decomposition. — JSer.  JSer/L  Chem,  Oes.^  z,  434,  March, 
1877.  o.  p^  B. 

2.  On  the  Atomic  Weight  of  Selenium, — Petteeson  and 
Ehhan  have  redetermined  the  atomic  weieht  of  selenium  by  sev- 
eral methods,  usins  for  analysis  calcium  seTenate,  ammonio-alumi- 
num  selenate  (an  alum)  magnesium  and  silver  selenites  and  silver 
selenate.  The  numbers  obtained  not  being  sufficiently  accordant 
they  tried  reducing  selenous  oxide  by  means  of  sulphuric  acid 
and  determining  the  selenium  precipitated.  In  five  experiments 
they  deduced  the  atomic  weight  of  selenium  as  79*10,  79*06,  79*03, 
79*06,  79*08,  the  mean  of  which  is  79*08,  which  may  be  accepted 
as  the  true  atomic  weight  of  this  metalloid. — BuU.  Soc  Chem.^11^ 
xxvii,  March,  1877.  g.  f.  b. 

3.  On  TrihydroQcylantimonic  add  (u\d  Antimonyl  chloride. — 

^OH 
Analogy  points  out  the  existence  of  an  antimonic  acid  OzrSb — OH 

and  an  antimonyl  chloride  iSbOClg,  corresponding  respectively  to 

0=P — OH  and  to  POCL.    Daubrawa  has  studied  the  question 
^OH 

of  the  antimonic  acids  anew,  using  Berzelius's  method  for  prepay 
ing  them,  i  e.,  by  dropping  antimonic  chloride  into  water.  The 
results  of  analysis  showed  that  the  air-dried  precipitate  was 
HgSbgOg  ;  dried  over  sulphuric  acid,  it  was  HgSbO^  ;  at  100®  C, 
itbecameH^SbgO,  ;  at  200°,HSbO3  ;  at  275%Sb205  ;  and  above 
800°,  SbgO^.  For  the  preparation  of  the  oxychloride,  one  part  by 
weight  of  water  was  dropped  into  sixteen  parts  by  weight  of  an- 
timonic chloride.  A  yellowish-white  distinctly  crystalline  mass 
resulted,  which  was  deliquescent  in  the  air,  and  which  fused,  boiled 
and  sublimed  in  a  closed  tube,  dissociating  into  SbOCl  and  Clg  at 
higher  temperatures.  The  analysis,  which  was  difficult,  gave  the 
formula  SbOClj. — Liebig^s  Ann,^  clxxxvi,  110,  March,  1877. 

G.    F.   B. 

4.  On  the   Constitution  of  Cyanarnide, — Of  the  two  rational 

formulas  assigned  to  cyanamide,  N=C— NH,  and  C^-^^tt,  the 

existence  of  di-silver-cyanamide  would  seem  to  fix  the  latter  as 
the  more  probable  constitution.  Fileti  and  Schifp  have  proved, 
however,  that  this  imide  formula  is  actually  not  the  true  one 
By  acting  on  di-silver-cyanamide  with  ethyl  iodide,  di-etbylcyan- 
amide  was  obtained,  identical  in  properties  and  in  decomposition 
products  with  the  di-ethylcyanamide  obtained  by  Clo^z,  Cannifr 
zaro  and  Cahours  from  cyanogen  chloride  and  dietbylamine. 
As  in  this  latter  body  the  two  ethyls  are  united  to  the  same 

nitrogen  atom — a\nce  it  c^bxn^  ixoxa.  dietbylamine  NH^  p^H*"*^* 
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follows  that  they  are  in  the  former ;  and  hence  that  the  rational 
formula  of  evanamide  itself  is  N=C — NH,. — Ber,  Berl.  Chem. 
Oes.,  z,  425,  March,  1877.  o.  f.  b. 

5.  On  Potassiufn  triiodide. — Johnson  has  succeeded  in  obtain- 
ing potassium  triiodide  by  evaporating  a  saturated  aqueous  or 
alcoholic  solution  of  iodine  in  potassium  iodide,  over  sulphuric 
acid«  At  first  dark  colored  cubes  of  the  iodide  colored  by  iodine 
appeared ;  but  after  some  days,  lustrous  dark  blue  prismatic  crys- 
tals were  deposited,  sometimes  two  inches  long,  which  afforded 
the  composition  of  the  tri-iodide  on  analysis.  This  substance  is 
very  deliquescent,  becoming  a  brown  liqjiid  on  exposure  to  the  air. 
Its  specific  gravity  at  15^  was  3*408.  From  tne  fact  that  its 
atomic  volume  is  120*2,  by  experiment,  and  122*2  by  calculation 
from  the  sum  of  the  atomic  volumes  K-f  I3,  but  only  105*64  irom 
KI4-I29  ^^^  author  infers  that  it  is  an  atomic  and  not  a  molecular 
compound. — J.  Ch,  SoCy  xxxi,  249,  March,  1877.  o.  f.  b. 

6.  On  EthyUmercaptan  and  its  Derivatives. — In  the  course  of 
an  extended  investigation  into  ethyl-mercaptan  and  the  corre- 
sponding mercaptides,  Glassson  has  made  the  curious  observa- 
tion that  the  group S.C^H^  of  mercaptan  is  readily  ex- 
changed for  the  haloid  constituents  of  the  fatty  series,  the  substi- 
tution taking  place  the  more  readily  the  less  condensed  the  carbon 
nucleus  of  the  compound.  Thus  by  acting  on  carbon  tetrachlo- 
ride with  mercaptan  in  presence  of  sodium  ethylate,  sodium  chlo- 
ride separates,  tne  liquid  boils  from  the  heat  evolved,  and  a  light 
yellow  oil  of  1*01  specific  gravity  is  obtained,  which  the  author 
calls  carbon-tetra-mercaptide,  and  which  has  the  formula  C(S .  C2 
H^^4.  He  has  prepared  also  dicarbonhexamercaptide  CsiS .  Cg 
H^)q  and  dicarbontetramercaptide  02(8.  CsH^)^.  The  author 
has  prepared  also  ethyl-tetrasulphide  (C2H5)2S^  and  has  studied 
its  properties  and  reactions. — J.pr.  Ch.^  II,  xv,  198,  March,  1877. 

G.  F.  B. 

7.  On  the  Synthesis  of  Coumarin. — ^Tibmann  and  Hebzfeld 
have  effected  a  new  synthesis  of  coumarin.  They  were  led  to  the 
method  by  observing  that  acetylparacumaric  acid  was  obtained 
when  paroxybenzaldehyde  was  heated  with  acetic  oxide  and 
sodium  acetate,  and  that  benzaldehyde  similarly  treated  yielded 
cinnamic  acid;  from  which  they  inferred  that  salicylaldehyde 
(orthoxybenzaldehyde^  would  yield  an  acetylorthocumaric  acid 
and  so  coumarin.  Tne  reaction  readily  took  place,  and  the  ex- 
pected acid  was  produced,  and  from  it  also  ortho-cumaric  and 
nydro-orthocumaric  (melilotic)  acid.  By  simple  heating,  acetyl- 
orthocumaric acid  was  decomposed  into  acetic  oxide  and  acid  and 
coumarin  which  was  obtained  pure  by  recrystallization  from  ether. 
The  authors  consider  it  a  lactide-like  anhydride  with  the  formula 

/CH  =  CH 
CeH^  \    .—Ber.  Berl.  Chem.  Oes.,  x,  288,  Feb.  1877. 

6.    F.    B. 

8.  On  the  Decomposition  of  OlyoxcUyl-urea, — ^To  test  the  ques- 
tion whether  the  substance  obtained  by  protracted  boiling  of  a 
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solution  of  uroxanic  acid  was  really  t^lyoxalylorea,  as  assamed, 
Mbdicus  acted  upon  it  with  potassium  hydrate,  which  would  split 
it  into  urea  and  gly oxalic  acid,  and  then  would  decompose  the  lat- 
ter into  oxalic  and  acetic  acids.  The  products  were  examined 
and  proved  to  be  those  mentioned.     Hence  the  author  regards  as 

CO— NH 

proved  his  formula  for  urio  acid  which  is  C0<[       ""»         i    * 

yNH— CH(OH) 
Olyoxalylurea  is    COf^  i  and  uroxanic  acid  is 

COOH 

^NH— 6(0H)     NH,^ 

COC  I  CO. 

^  NH— C(OH) = NH-^ 

— JSer.  Berf.  Chem.  Ges,^  x,  644,  April,  18V7.  g.  f,  b. 

9.  On  two  new  Alkaloids,  S^ophcmtine  and  Jneine, — Habdt 
and  Gallois  have  examined  the  poison  variously  known  as  inaye, 
onaye,  gombi,  etc.,  extracted  in  Africa  from  the  seeds  of  Sirophan- 
tu8  hispidtM,  a  climbing  plant  belonging  to  the  Apocyneae. 
Fraser  examined  this  substance  and  obtained  from  it  an  active  ex- 
tract, to  the  alkaloid  in  which  he  gave  the  name  Strophantine. 
The  authors  have  succeeded  in  preparing  this  body  crystallized 
and  have  shown  that  it  arrests  tne  action  of  the  heart,  the  ven- 
tricles being  in  systole.  From  the  tufts  about  the  seeds,  they 
have  also  obtained  a  second  alkaloid  which  they  call  ineine. — 
£uU.  8oc.  Ch.,  II,  xxvii,  24V,  March,  1877.  g.  f.  b. 

J  0.  Occurrence  of  Copper  normaUy  in  the  Blood  of  WUd  Ani- 
mals.— Cloez,  having  to  incinerate  the  blood  of  a  roebuck,  killed 
in  the  woods,  and  to  analyze  the  ash,  was  surprised  to  detect  in  it 
an  appreciable  quantity  of  copper.  Fearing  that  it  might  have 
entered  by  accident  during  his  operations,  he  repeated  the  analy- 
sis on  the  blood  of  another  buck,  taking  special  precautions.  The 
result  was  the  same,  the  530  grams  of  blood  affording  three  milli- 
grams of  copper  oxide.  It  must  have  existed  either  in  the  plants 
eaten  as  food  by  the  animal  or  in  the  water  which  he  drank. — BuU. 
Soc,  Oh.,  II,  xxvii,  196,  March,  1877.  g.  f.  b. 

11.  Is  Glass  impervious  to  Gases  P — Professor  G.  Quincke  has 
tried  to  force  hydrogen  and  carbonic  acid,  by  pressures  of  from 
40  to  120  atmospheres,  through  a  glass  wall  1*5  mm.  in  thickness^ 
and  to  determine  by  the  loss  of  weight,  the  quantity  of  gas  that 
had  passed  through  during  seventeen  years. 

One  leg  of  a  V-shaped  glass  tube  was  a  capillary  tube  of  200 
mms.  in  length,  closed  above  ;  the  other  was  a  tube  contracted  in 
the  middle  and  open  above,  150  mms.  long,  8  roms.  in  diameter 
and  1*5  mms.  thick.  Into  the  open  leg  a  drop  of  quicksilver  was 
put ;  upon  this  dilute  sulphuric  acid  was  poured ;  into  the  upper 
part  some  sheet  zinc  was  pushed,  which  was  kept  from  contact 
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with  the  aoid  by  the  contraction  of  the  tube ;  and  then  the  open 
end  was  carefdlly  closed  by  fusion  at  a  glass-blower's  lamp. 
Four  tubes  thus  prepared  underwent  a  double  weighing ;  and  then, 
by  inclininff  the  tuoes,  the  sulphuric  acid  was  brought  into  con- 
tact with  the  sdnc.  The  pressure  of  the  hydrog^en  was  shown  by 
the  diminution  of  volume  of  the  air  in  the  capillary  tube,  whicn 
served  for  a  manometer.  Its  amount  on  the  first  day,  in  the 
different  tubes,  was  from  1  j  to  10  atmospheres,  rose  in  five  months 
up  to  27-54  atmosphere  and  in  17  years  up  to  25-126  atmospheres. 
During  this  time  the  tubes  were  frequently  doubly  weighed  on  an 
excellent  balance ;  and  exactly  the  same  weight,  within  from  0*1  to 
0*3  of  a  milligram,  was  always  found. 

Another  similar  tube,  with  carbonate  of  lime  and  concentrated 
sulphuric  acid,  in  which  the  pressure  of  the  carbonic  acid  gas 
amounted  on  the  first  day  to  21  atmospheres,  after  five  months  to 
34  atmospheres,  and  after  17  years  to  44,  showed  likewise  always 
the  same  weight  of  14*6361  grams. 

Thus  according  to  these  experiments,  a  pressure  of  from  40  to 
100  atmospheres  cannot,  during  a  space  of  seventeen  years,  force 
through  1*5  mm.  thickness  of  glass  a  perceptible  quantity  of 
hydrogen  or  carbonic  acid. 

While  at  the  commencement  the  concentrated  sulphuric  acid 
wetted  the  glass  sides  of  the  tube,  and  showed  a  sharp  marginal 
angle  (apparently  0^),  gradually  in  the  course  of  years  the  angle 
has  become  obtuse,  and  the  acid  fiows  in  the  tube  with  condensed 
carbonic  acid  like  quicksilver  in  a  glass  tube  filled  with  air. 

In  the  atmosphere  of  hydrogen  the  ansle  at  the  margin  of  the 
dilute  sulphuric  acid,  which  at  first  likewise  wetted  the  sides,  has 
also  increased  to  about  60°. 

The  glass  thus  appears  to  have  gradually  in  the  course  of  years, 
under  the  influence  of  the  great  pressure,  become  coated  with  a 
thin  layer  of  carbonic  acid  or  hydrogen  respectively,  which  exerts 
a  different  attraction  from  that  which  glass  exerts  upon  the 
liquid  particles  at  the  margin  of  the  surface.  A  similar  film  of 
gas  must  have  been  deposited  on  the  surface  of  the  zinc  and 
obstructed  the  further  chemical  action  of  the  acid. — Pogg.  Ann.^ 
clx,  118 ;  PhiL  Mag.y  iii,  314.         '  e.  c.  p. 

12.  Polartz(Uion  of  tfie  Rainbow. — M.  J.  Dech ant  explains  the 
observations  of  Schiel  and  Tvndall  that  the  light  of  the  rainbow 
could  in  all  cases  be  extinguished  by  a  Nicols'  prism,  by  Fresnel's 
formula  for  the  reflection  of  light.  The  light  falls  on  the  posterior 
wall  of  the  drop  at  an  angle  or  40^,  while  the  angle  of  total  polari- 
zation is  about  37^.  The  ratio  of  the  two  polarized  beams  K>r  the 
red  rays  is  consequently  about  24*5  and  for  the  violet  rays  34*0. 
Or,  the  rainbow  is  diminished  in  brightness  25  to  35  fold  when  the 
Nicol  is  rotated  00^  If  the  index  of  refraction  of  the  liquid  was 
\/2=l*414  the  polarization  would  be  complete.  Calculation 
diows  that  for  oil  of  cassia  the  ratio  of  the  rea  rays  is  6*3  and  of 
the  violet  2*8.  Forming  a  rainbow  by  scattering  this  liquid  in 
sunliffht  by  an  atomizer  the  light  cannot  be  extinguished  by  a 
Nicol  prism  in  any  position. — Pogg.  Ann.^  clx^ !%%«         ^  ^ ^« 
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13.  TJie  Radiometer, — Two  views  have  been  offered  as  to  the 
mode  of  action  of  the  gas  in  the  radiometer.  One  attribntes  the 
motion  to  reaction  of  gas  particles  getting  heated  on  the  vanes, 
then  dancing  off;  the  other  to  air  cnrrents  which  are  directed 
toward  the  plate  in  consequence  of  heated  air  rising  from  it.  M. 
Neesen  has  endeavored  (Pogg.  Ann.)  to  decide  between  these 
views.  If  the  second  view  is  correct,  he  aigned,  the  wall  of  the 
vessel,  by  becoming  also  heated,  must  abo  acqnire  influence 
through  rise  of  heated  air  from  it  as  from  the  vanes.  If  the  rota- 
tion be  merely  a  phenomenon  of  reaction  there  is  no  reason  to 
suppose  such  an  influence  of  the  fixed  wall.  Now  by  giving  the 
radiometer  an  eccentric  position  within  the  elass  vessel  such  an 
influence  of  the  walls  should  be  readily  recognized.  He  describes 
a  number  of  experiments  made  in  this  way,  and  which  he  regards 
as  supporting  the  second  view. 

*  In  an  article  contributed  to  Po^gendorff's  Annalen,  M.  ZOlIner 
is  led  to  take  the  following  positions  in  reference  to  the  radiome- 
ter. The  explanation  of  radiometric  motions  based  on  the  princi- 
ples of  the  mechanical  theory  of  gases,  make  suppomtions  about 
the  relation  of  the  mean  len^hs  of  path  of  the  gas  molecules  to 
the  dimensions  of  the  vessel  which  are  not  realized  in  fact.  This 
explanation  further  leaves  out  of  consideration,  without  sufficient 
ground,  the  simultaneous  existence  of  mercury  vapors  whose  mole- 
cules have  a  more  then  seven  times  greater  mass  and  a  much 
smaller  mean  length  of  path  than  the  molecules  of  the  gases  acting 
according  to  the  mechanical  theory  of  gases.  Hence  we  are  not 
wan*anted  in  regarding  the  radiometric  motion  discovered  by 
Crookes  as  an  empirical  confirmation  of  the  mechanical  theory  of 
gases. — Nature^  xv,  621.  e.  c.  p. 

14.  Fluorescence, — M.  E.  Lommel  discusses  the  intensity  of  the 
light  of  fluorescence  assuming  that  the  quantity  of  the  light  which 
an  element  ot*  volume  of  the  fluorescent  substance  can  emit  is  pro- 
portional to  the  quantity  of  exciting  light  which  is  absorbed. 
He  concludes : 

(1.)  That  with  an  increasing  concentration,  the  intensity  of  the 
fluorescent  light  at  first  increases  up  to  a  certain  minimum,  and 
then  decreases. 

(2.)  That  the  ratio  of  the  light  emitted  by  a  superficial  layer  of 
given  thickness,  to  the  total  fluorescent  light,  increases  with  the 
intensity  of  the  absorption,  and  is  as  much  more  feeble  as  we 
obsei^ve  it  at  a  greater  distance. 

(8.)  That  the  mixture  of  colors  which  constitutes  fluorescent 
light  changes  with  the  coefiicient  of  absorption  of  the  exciting 
light,  in  such  a  way  that  the  ratio  of  the  intensities  approaches 
more  and  more  that  which  characterizes  the  type  of  the  fluorescent 
spectrum,  to  the  extent  that  the  exciting  rays  are  capable  of 
beinff  absorbed. 

(4!)  That  the  fluorescent  light,  observed  at  a  great  distance,  is 
formed  of  a  mixture  of  colors  in  which  the  rays  very  largely 
absorbed  are  in  less  pxoipoTtioii  than  when  the  observation  is  made 
at  a  small  distance. 
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(6.)  That  by  observing  the  fluorescence  by  transparency  as 
Lubarsch  has  done,  the  proportion  of  the  rays  most  absorbed  is 
strongly  diminished. 

(6.)  That  it  is,  on  the  contrary,  as  great  as  possible  when,  the 
observation  being  effected  on  the  side  of  the  incident  rays,  the 
angle  of  incidence  is  very  great. 

All  these  conclusions  follow  naturally  from  the  first  proposition 
and  seem  to  involve  only  very  natural  hypotheses. 

This  theory  demands  nothing  but  that  the  law  of  Stokes  shall 
be  in  general  correct.  It  explains,  on  the  contrary,  very  well  the 
disi^reement  of  the  experiments  of  Lommel,  made  under  condi- 
tions theoretically  more  favorable  than  those  of  his  opponents. — 
Pogg.  Ann,^  clx,  76,  Joum.  de  Phys.^  yi,  126.  k.  c.  p. 

15.  EkctricUy  and  the  Electric  Telegraph  ;  by  Obo.  B.  Pbbs- 
COTT.  978  pp.  8vo,  with  664  illustrations.  New  York.  1877. 
(D.  Appleton  &  Company.) — ^This  volume,  by  Mr.  Prescott,  is  a 
most  miportant  contribution  to  scientific  literature,  honorable 
alike  to  the  learning  and  industry  of  the  author.  It  is  a  compre- 
hensive review  of  the  application  of  electrical  principles  to  tele- 
gnraphj.  It  discusses  with  sufficient  thoroughness  the  laws  of 
eJectncail  resistance  and  measurement ;  the  determination  of  vol- 
taic constants;  the  laws  of  electro-magnetbm ;  of  the  measurement 
of  electro-motive  force ;  of  galvanic  polarization  and  the  applica- 
tion of  these  and  other  principles  to  telegraphic  circuits  and  land 
lines;  the  phenomena  of  charge  and  discharge  on  land  lines  and 
underground  lines ;  submarine  cables ;  electrostatic  induction  on 
telegraph  lines;  the  phenomena  of  charge  in  submarine  cables; 
coefficient  of  charge  in  submarine  and  land  lines ;  duration  of  the 
variable  state  when  the  extremity  of  the  line  is  to  earth,  and 
when  it  is  insulated ;  the  time  required  to  produce  a  signal ;  the 
earth  a  reservoir  of  electricity,  and  its  electrical  resistance.  These 
topics  fill  nearly  half  (416  pages)  of  the  volume ;  the  remainder  is 
occupied  with  a  historical  notice  of  experimental  telegraphs  of  the 
American  and  European  Morse  system,  and  a  full  notice  of  all 
other  systems  and  instruments,  illustrated  by  very  beautiful, 
original  wood-cuts.  The  discoveries  and  improvements  of  late 
years,  especially  the  duplex  and  quadruplex  modes  of  transmission, 
and  the  improved  type  printing  apparatus,  which,  as  the  author 
says,  have  in  America  almost  revolutionized  the  telegraph  service, 
are  now  for  the  first  time  illustrated  with  a  completness  worthy 
of  the  importance  of  the  subject.  The  harmonic  telegraphs  or 
telephones  are  also  described  and  illustrated.  Mr.  Prescott's  book 
is  prepared  with  great  care,  giving  to  each  investigator  and 
inventor  just  consideration :  and  while  it  is  full  in  its  technical 
detail  it  is  also  thorough  in  its  scientific  accuracy,  qualities  rarely 
combined,  and  worthy  of  the  electrician  of  one  of  the  most  widely 
extended  telegraphic  organizations  in  existence.  b.  s. 
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IL  Geology  and  Natural  History. 

1.  Anntuil  Report  on  the  Oeographical  SurveyB  west  of  the 
lOOM  Meridian^  by  G.  M.  Wheeler,  Ist  Lieut  Eng.  U.  S.  A. 
856  pp.  8vo,  with  many  maps  and  plates.  Washington,  1876. 
— Lieutenant  Wheeler's  Report,  extending  to  79  pa^es,  treats 
of  the  general  results  of  the  expedition.  It  is  followed  by 
appendixes,  containing  geographical,  geological  and  other  inform 
mation,  by  Lieut.  W.  L.  Marshall,  Lieut.  E.  Bsroland,  Lieut 
W.  L.  Carpenter,  Lieut.  R.  Birnie,  Jr.,  Lieut  C.  C.  Morrison, 
and  Lieut  C.  W.  Whipple  ;  on  meteorology  and  hypsoraetry  by 
Lieut.  W.  L.  Marshall;  on  the  geology  and  mineralogy  of 
Southeastern  California — the  alkaline  lakes,  thermal  springs  and 
brackish  waters  of  Southern  California — ^the  physical  and  agri- 
cultural features  and  ethnology  of  Southern  l!)alifomia  —  the 
meteorology  of  the  Mohave  Desert  and  the  geographical  dis- 
tribution of  its  vegetation,  by  Dr.  O.  Loew  ;  on  the  geology  of  a 
portion  of  Southern  California  by  Prof.  J.  Marcou  ;  on  the  geol- 
ogy of  the  mountain  range  from  La  Veta  Pass  to  the  head  of  the 
Pecos,  by  A.  R.  Conkling  ;  economic  botany  and  agricultuie  of 
Southern  California,  by  Dr.  J.  T.  Rothrock  ;  on  the  ornithology 
and  the  mammals  of  portions  of  California,  by  H.  W.  Hbnshaw  ; 
on  Orthoptera,  by  S.  H.  Scudder  ;  on  Coleoptera,  by  Dr.  J.  L 
LeConte  ;  on  the  Alpinef  insect  fauna,  by  Lieut  W .  L.  Carpen- 
ter; on  eleven  idioms  spoken  in  Southern  California,  Nevada 
and  on  the  Colorado  River,  by  A.  S.  Gatschet. 

In  the  paper  by  Prof.  J.  Marcou,  the  Tertiary  beds  of  Chico 
Creek,  California,  are  referred  to  the  Eocene  Tertiary,  instead  of 
Upper  Cretaceous,  notwithstanding  the  presence  of  a  lew  Cretace- 
ous Hpecies,  as  Ammonites  Chicoenais^  and  Btxctdites  ChicoensiSy  the 
species,  with  these  exceptions,  having  prominently  a  Tertiary 
character. 

2.  Geological  and  Oeographical  Survey  of  the  Territories^ 
F.  V.  Hayden,  XJ.  S.  Geologist  in  charge. — Bulletin  No.  2  of  vol 
III,  recently  issued  contains  a  paper  on  Western  Diptera,  compris- 
ing descriptions  and  new  genera  and  species,  by  C.  R.  Osten- 
Sacken,  occupying  165  pages;  a  report  on  Insects  collected  by 
P.  R.  Uhler  in  1875,  and  of  Hemiptera  collected  by  A.  S.  Packard, 
Jr.,  by  P.  R.  Uhler,  with  two  plates,  extending  to  120  pages; 
and  descriptions  of  the  Araneae  collected  in  1875,  by  A.  S.  Pack- 
ard, Jr.,  by  T.  Thorell,  over  50  pages.  The  memoir  by  P.  R. 
Uhler  contains  monographs  of  the  families  Cydnidae  and  ^aldse. 

3.  Contributions  from  the  Laboratory  of  the  University  of 
Missouri  ;  Report  by  the  Curators  of  the  University  of  Missouri, 
to  the  Governor  of  the  State.  Includes  a  paper  bv  Prof.  P. 
Schweitzer  on  the  various  methods  of  separating  and  determining 
Barium,  Strontium  and  Calcium  ;  a  paper  by  C.  P,  Williams  on 
the  composition  of  Missouri  leads  (in  which  the  lead  constitutes 
99-91  to  99*993  per  cew^«k\i^  \\i^  ^\lyer  0*00029  to  0*00615  per 
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cent) ;   and  analyses    of    Copper  ores,  Smitbsonite  from   Dade 
Countv,  etc 

4.  Organogeny  of  the  ^male  Flower  of  Gnetum  Gnemon. 
DeUa  Organogenia  dei  fiori  feminei  del  Gnetum  Gnemon  L., 
nota  di  O.  Beccari.  Extr.  from  Nuovo  Giornale  Botanico 
Italiano^  vol.  ix,  No.  1.  Jan.  1877.  With  a  plate. — Beccari's 
observations  and  notes  were  made  at  Ternate,  m  the  Moluccas. 
He  was  not  aware  that  anything  on  the  subject  bad  then  been 
published  in  Europe;  but  in  his  paper  he  refers  to  Griffith  as 
having  first  asserted  that  the  whole  floral  apparatus  in  question 
belongs  to  the  ovule.  Beccari  describes  the  proper  female  flowers, 
viz :  those  of  the  fertile  ament,  and  distinguishes  from  them  the 
abortive  female  flowers  which  accompany  the  male  ament.  The 
latter  have  only  two  envelopes  and  no  embryo-sac;  the  former 
have  three,  and  the  embryo-sac  appears  at  the  time  of  pollination. 
The  ovule  or  female  flower — whichever  it  be  called — is  developed 
in  the  axil  of  an  ament-scale,  the  nature  of  which  is  unquestioned; 
it  is  sessile,  and  surrounded  by  some  multicellular  "  paraphyses." 
Its  body  or  central  part  is  an  ovular  nucleus.  The  question 
turns  upgn  the  nature  of  the  coats.  Now  these  form  in  succes- 
sion from  without  inwards ;  i.  e.,  the  external  one  is  the  oldest, 
and  at  an  early  stage  is  2-toothed  or  2-lobed  at  apex,  as  if  formed 
of  two  confluent  parts.  Within  this  appears  a  second,  as  a  ring 
or  cupule  around  the  base  of  the  nucleus,  which  in  due  time  it 
encloses ;  it  shows  no  indication  of  a  bipartite  division  or  lobing. 
Soon  after  this  becomes  manifest,  the  third  coat  originates  simi- 
larly within  the  second,  advances  beyond  it  and  beyond  the 
nucleus,  being  extended  into  a  styliform  tube  with  a  2-paited 
apex.  This  internal  and  flask-shaped  coat  is  found  in  the  sterile- 
female  flowers  of  the  male  ament,  but  is  less  prolonged ;  the  ex- 
ternal coat  equally  exists ;  but  the  intermediate  coat  is  wanting. 

It  is  taken  for  granted,  on  whatever  view  of  the  homology, 
that  we  have  to  do  with  a  secondary  axis,  in  the  axil  of  a  bract, 
and  that  the  nucleus  is  the  termination  of  this  axis.  According 
to  Griffith  the  enclosing  sacs  are  coats  to  the  ovule,  of  which  the 
central  body  is  the  nucleus;  consequently,  this  ovule  has  the 
anomaly  of  three  integuments.  According  to  Beccari,  the  nucleus 
is  the  whole  ovule,  viz.,  an  ovule  without  coats  in  the  manner  of 
that  of  Loranthacem  and  SantalacecB^  and  the  coats  are  floral 
organs.  A  comparison  with  the  quasi-hermaphrodite  flowers  of 
Welwitachia  assures  him  that  the  middle  and  shortest  envelope 
answers  to  the  andrcecium  in  those  flowers,  whence  it  follows 
that  the  outer  covering  is  perigonial  and  homologous  with  the 
floral  envelope  of  Wehoitschia^ — only  that  is  tetraphyllous,  this  is 
simpler  and  confluent-diphyllous.  It  follows  also  that  the  inner- 
most sac  is  carpellary  and  diphyllous.  Th^  gist  of  the  argument 
in  support  of  this  view  turns  upon  these  two  considerations :  1. 
Onetacece  with  other  Gymnosperms  are  the  lowest  type  of  Phane- 
rogamia ;  it  is  most  unlikely  that  such  a  low  type  would  be  pro- 
vided with  such  a  high  type  of  ovule  as  one  having  three  coats ; 

A.M.  JoHR.  Soi.—Third  Sbribs,  Vol.  XIII,  No.  7^.-3x31*^,1^11. 
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it  is  more  likely  that  the  ovule  of  Gnetum  woald  correspond  with 
the  simplified  one  of  Loranthacece^  with  which  the  relationship  is 
not  indistinct.  2.  The  order  of  evolution  of  these  coverings,  i.  e., 
from  without  inwards  or  from  below  upwards,  is  that  of  leaves  or 
whorls  upon  an  axis,  and  of  the  floral  organs  in  a  flower ;  while 
ovular  coats,  as  is  well  known,  form  in  reverse  order,  the  external 
one  latest.  The  evidence  is  fairly  convincing,  and  other  recent 
investigations  point  to  the  same  conclusion. 

Some  accompanying  theoretical  deductions  drawn  by  Beccari 
are  not  so  convincmg  nor  so  important.  Nor  need  we  share  the 
hesitation  with  which  he  uses  the  name  of  Ot/mnospermce.    He 

S refers  to  continue  the  term  because  the  ovules,  though  not 
estitute  of  ovary,  are  destitute  of  proper  ovular  coats.  But  so 
are  not  a  few  angiospermous  plants.  We  should  continue  it 
under  the  original  signification,  because,  admitting  the  flask- 
shaped  envelop  to  be  homologous  with  pistil,  it  is  not  functionally 
one ;  for  the  pollen  reaches  and  acts  directly  upon  the  ovule  iUeli^ 
and  not  through  the  intervention  of  a  stigma.  Ovules  reduced  to 
the  nucleus  only  were  not  known  to  Robert  Brown,  or  at  least 
were  not  considered  by  him  in  their  present  bearing.  Being  now 
recognized,  the  question  whether  the  coat  of  the  seed  in  Coni/ercB 
and  Cycadaceoe  is  of  carpellary  or  ovular  origin  may  remain  an 
open  one,  or  may  be  decided  in  favor  of  the  former,  without  ewen- 
tially  derogating  from  the  fitness  of  the  received  name  for  this 
marked  group  of  orders.  Moreover,  in  flowers  so  little  differenti- 
ated as  those  of  Coniferce^  the  distinction  between  ovular  and 
carpellary  envelopes  may  be  really  not  cognizable  because  not 
yet  actual,  and  so  the  question  may  be  one  of  words ;  while  in 
Gnetacece  an  important  advance  is  made,  and  the  ground  of  a 
distinction  between  ovular,  carpellary,  and  perianthisl  envelopes 
begins  to  appear. 

If  this  be  so,  a  vexed  question  in  classification  may  find  a  prac- 
tical settlement.  The  cultivators  of  fossil  botany,  finding  that 
Gymnospenns  were  far  the  earliest  phsenogamous  plants,  and  that 
no  angiospermous  Dicotyledons  have  been  detected  until  long 
after  the  appearance  of  Monocotyledons,  almost  universally  treat 
the  Gymnosperms  as  a  primary  division  or  class  of  the  Vegetable 
Kingdom.  They  are  seconded  by  the  histologists  or  organogen- 
ists,  who  naturally  make  the  most  of  those  interesting  points  of 
structure  which  they  have  brought  to  view,  and  which  approxi- 
mate the  Gymnosperms  to  the  Vascular  Cryptogams.  But  the 
question  whether  Gymnosperms  are  a  part — the  earliest  and 
simplest  part — of  the  great  class  of  Dicotyledons,  or  whether  they 
constitute  an  independent  class  or  primary  group,  must  be  deter- 
mined by  broad  and  general  considerations  of  the  whole  structare. 
Now  the  transition  from  Gnetacece  to  Angiospermous  Dicotyledons 
is  obvious  and  apparently  real.  If  no  transitions  are  extant  be- 
tween the  Gymnosperms  and  Cryptogams,  and  if — as  is  clear — the 
former  are  truly  Dicotyledonous  and  exogenous  in  structure,  and 
have  greater  afiSinity  with  the  Angiospermous  Dicotyledons  than 
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they  have  with  the  Monocotyledons,  then  the  taxonomist  would  ap- 
pear to  have  good  grounds  for  concluding  that  the  proper  division 
of  the  vegetable  kingdom  is,  first  into  Pnanerogamia  and  Crypto- 
gainia  ;  then  the  former  into  Monocotyledons  and  Dicotyledons^ 
then  these  last  into  Oymnosperms  and  Angiosperma,  a.  o. 

.•».  The  Paleontological  Origin  of  those  trees  and  shrubs  indi- 
genotis  to  the  south  of  Fraiice^  which  are  sensitive  to  PVost  in  cold 
winters  (Sur  P  Origine  paleontologique^  etc.) ;  by  Charles  Mar- 
tins, 1877,  4to.  Extr.  from  M6m.  Acad.  Montpellier,  torn,  ix,  pp. 
87-122. — Prof.  Martins  gives  a  list  of  19  of  those  woody  plants 
which  are  killed  down  to  the  ground  by  the  cold  which  is  occa- 
sionally experienced  at  Montpellier,  or  on  the  Mediterranean  coast 
from  Feripignan  to  Mentone,  but  which  spring  again  from  the 
base  and  nourish  until  another  exceptional  frost  occurs.  The  list 
ranked  in  the  order  of  tenderness,  begins  with  the  Carob-tree, 
Ceratonia  siliqua^  and  ends  with  Vitis  vinifera.  With  very  few 
exceptions,  these  plants  are  solitary  representatives  in  Europe  of 
their  genus  and  tnbe ;  they  are  represented  in  a  fossil  state  in  the 
Tertiary  formations  of  S.  Europe  and  also  of  middle  Europe,  either 
by  identical  species,  or  by  othei-s  so  similar  that  they  are  regarded 
bv  paleontologists  as  equally  ancestral.  Wherefore,  upon  a  full 
discussion  of  the  details,  it  is  concluded  that  these  are  remains  of 
the  Tertiary  flora  of  Europe,  which  have  thus  far  resisted  with 
success  the  rigors  of  a  present  climate  to  which  they  are  not  com- 
pletely adapted.  a.  o. 

d.  Alexander  Braun. — We  announce  with  sorrow  the  death 
of  this  excellent  botanist,  which  took  place  in  Berlin,  on  the  20th 
of  March,  after  a  short  illness.  Systematic  botanists  of  the  first 
class  are  everywhere  rare,  and  especially  in  Germany,  where  they 
have  gone  out  of  fashion,  all  attention  being  turned  to  histology 
and  the  like.  In  Braun's  earlier  days  there  was  a  goodly  array  of 
systematic  botanists  in  Germany:  at  his  decease  there  are  very 
few  of  mark,  although  signs  of  revival  are  apparent.  Alexander 
Braun  was  bom  at  Katisbon,  May  10,  1805,  but  was  brought  up 
at  Carlsruhe,  where  his  father  became  a  trusted  oflScer  in  the  post 
office  department.  Fifty  years  ago,  there  was  a  knot  of  clopely- 
allied  students  at  the  University  of  Heidelberg,  consisting  of 
Braun,  Carl  Schimper,  Agassiz,  and  Engelmann.  Two  of  them 
were  transferred  to  our  own  soil ;  the  latter  is  now  the  sole  sur- 
vivor. Three  of  them  went  soon  to  Munich,  where  Oken,  Schel- 
ling,  DoUinger,  and  Martius  were  teaching ;  but  Braun,  Agassiz, 
and  Engelmann  met  again  as  fellow-students  at  Paris  in  1832. 
The  first  two  became  allied  afterwards  by  the  marriage  of  Agas- 
siz with  Braun's  sister.  About  the  time  that  Dr.  Engelmann  came 
to  the  United  States,  Braun  was  made  professor  of  Botany  and 
Zoology  in  the  polytechnic  school  of  Carlsruhe.  In  1846  he  took 
the  chair  of  Botany  in  the  University  of  Freiburg  in  the  Bries- 
gau;  was  transferred  to  Giessen  in  1850;  but  in  the  spring  of 
1851  was  called  to  Berlin,  as  the  successor  to  Link  and  Kunth, 
taking  charge  of  the  Botanic  Garden  as  well  as  of  the  professor- 
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ship.  Although  he  had  nearly  reached  the  age  of  72,  and  felt  the 
full  weight  of  his  years,  yet  he  was  assiduously  attending  to  his 
official  duties  when  he  was  suddenly  prostrated  by  acute  disease 
of  the  chest,  terminating  fatally.  *  Although  learned  in  almost 
every  department  of  his  science,  his  fort€y  like  that  of  Agassiz, 
was  morphology,  and  his  systematic  work  mainly  among  the 
higher  and  some  of  the  lower  Crvptogamia,  Marsilia^  Isoetes, 
Cnara,  etc.  Although  his  communications  to  the  scientific  jour- 
nals began  as  early  as  the  year  1822,  when  he  was  only  17  years 
old,  his  first  contribution  to  science  of  much  extent,  and  of  high 
and  permanent  value,  was  his  memoir  on  the  arrangement  of  the 
scales  of  pine-cones,  etc.,  published  in  1830.  With  this  publica- 
tion began  the  present  knowledge  of  phyllotaxis.  It  is  well 
understood  that  tne  first  steps  were  taken  by  his  fellow-student, 
Carl  Schimper,  and  that  the  early  investigations  were  pursued  in 
common  by  the  two.  But  Schimper  published  nothing,  or  next 
to  nothing,  either  then  or  since,  although  he  lived  until  the  year 
1867.  His  name  in  connexion  with  the  subject  is  preserved  by 
the  favorable  mention  of  his  companions  and  contemporaries ;  but 
Braun's  treatise  was  timely  and  fruitful,  and  became  classical 
Braun's  ability  for  the  philosophical  treatment  of  vegetable  mor- 
phology and  (Icvelopment  was  manifested  in  his  next  large  paper, 
viz:  in  his  memoir  entitled  Rejuvenescence  in  Nature,  especially 
in  the  life  and  development  of  plants.  This  was  first  published  at 
Freiburg  in  1849-50,  and  again  at  Leipsic  in  1851,  and  an  Eng- 
lish translation  of  it  was  published  by  the  Ray  Society  in  1853. 
Of  a  similar  character,  and  marked  with  equal  acuteness,  is  his 
essav  on  Tlic  Vegetable  Individual  in  its  relation  to  Species,  etc., 
published  in  1853  at  Berlin,  and  which,  in  a  translation  by  a  pupil 
of  mine,  was  mainly  reproduced  in  this  journal  (May  and  Sept., 
1865).  lie  reaches  the  conclusion — which  would  now  be  more 
confidently  expressed — "that  the  individual  af)pears  in  its  full 
import  only  in  the  higher  steps  of  the  series  of  created  beings." 

In  his  systematical  work,  Braun  was  exceedingly  laborious,  j>er- 
severing,  and  conscientious.  When  we  add  that  throughout  the 
riper  and  what  should  have  been  the  most  productive  years  of  his 
life,  he  was  overtasked  with  ofticial  duties  and  cares,  we  shall  not 
wonder  that  much  which  he  hoped  to  accomplish  is  left  undone. 
His  work  upon  Marsilia,  Ptlularia^  and  Isoetes  may  be  essen- 
tially complete.  But  his  prolonged  studies  of  Charay  which 
began  forty  years  ago,  and  the  completion  of  which  would  have 
crowned  his  career,  have  probably  not  been  finished,  or  brought 
into  such  form  that  the  results  may  be  fully  secured. 

His  influence  as  a  teacher  is  said  to  have  been  great ;  as  an 
investigator  he  stood  in  the  first  rank  among  the  botanists  of  our 
time;  as  a  man  his  simple,  eaniest,  and  transparently  truthful 
character  won  the  admiration  and  love  of  all  who  knew  him. 
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T.  Notice  of  Recent  Works  on  Vegetable  Paleontology ;  by  L. 
Lesquereux. — Professor  O.  Heer  has  added  a  fourth  volume  to 
bis  Arctic  Flora,  a  noble  supplement  to  a  great  and  justly  cele- 
brated work.  The  volume  contains  representatives  of  the  Spitz- 
bergen  flora  at  four  epochs  of  the  Carboniferous,  the  Jurassic,  the 
Cretaceous  and  the  Miocene.  It  thus  affords  materials  for  com- 
parison with  those  of  the  same  far  distant  geological  times  whose 
floras  have  become  more  intimately  known  from  their  representa- 
tives in  the  middle  part  of  Europe,  and  partly,  or  for  the  Miocene 
and  the  Carboniferous,  from  those  studied  from  the  American 
continent  also. 

The  first  i»art  describes  species  of  the  upper  Carboniferous  of 
Bell  Sound.  Even  if  the  stage  of  the  formation,  where  the  plants 
have  been  found,  is  not  positively  ascertained,  the  character  of 
these  plants  point  to  a  more  recent  deposit  than  that  o*'  Bear 
Island,  described  in  the  second  volume  of  the  Arctic  Flora.  For, 
out  of  twenty-six  species,  it  has  seven  small  ferns,  Sphenopteris  and 
Adiantites^  a  single  Lepidodendroit^  one  Stigmaria^  three  ISpheno- 
phyllumy  and  three  Cordaitea^  with  a  new  genus,  Rhynchogonium^ 
established  for  beaked  fruits  clearly  related  to  Nceggerathla  or 
Cord*tites^  by  its  linear  ribbon-like  striated  leaves.  One  species 
more  than  any  other,  shows  the  relation  of  this  group  of  plants  to 
the  upper  Carboniferous ;  a  Wnlchia^  a  genus  mostly  Permian.  For 
there  is  as  yet  positive  evidence  of  its  presence  in  the  Carboniferous 
by  one  species  only,  in  the  upper  part  of  the  formation  in  Europe, 
and  none  in  that  of  this  continent.  This  small  group  of  Carbonifer- 
ous plants  of  Spitzbergen  differs  in  its  character  from  that  of  Bear 
Island,  which,  referable  to  the  Subcarboniferous  (the  Culm  or  Moun- 
tain Limestone,)  separated  by  Heer  in  two  different  periods,  has 
Calainites  radiatus  (Bomia)^  species  of  Cardiopteris^  one  Paleop- 
teris,  one  Sphenopteris,  the  only  plant  of  a  type  analogous  to  the 
species  of  Spitzbergen,  and  the  balance,  large  Lycopodites,  of  the 
genera  Lepidodendron,  Knorria,  Cyclostlgrna,  JSalonia,  etc.,  all 
related  to  types  considered  in  Europe  as  representatives  of  the 
flora  of  the  Culm  and  in  America  of  the  Subcarboniferous. 
Cnrdiopteris  and  Raleopteris  are  of  a  still  more  ancient  type 
rarely  found  in  the  Subcarboniferous  of  tliis  country.  This  divis- 
ion is  important  as  recording  for  the  plants  of  the  Coal  in  the 
Arctic  regions  a  distribution  analogous  to  that  which  is  now  recog- 
nized in  the  temperate  zone  of  both  Europe  and  America. 

The  Jurassic  flora  of  Cape  Boheman  in  Spitzbergen,  thirty-two 
species,  is  supplemented  in  the  same  volume  by  that  of  the  Amour 
and  of  Eastern  Siberia,  eighty-three  species,  whose  analogy  with 
the  Jurassic  flora  of  England  is  marked  by  sixteen  species,  and 
by  seven  with  that  of  Boheman ;  a  relation  showing,  as  in  the 
Carboniferous  flora,  an  analogous  distribution  of  species  in  the 
Arctic  and  the  temperate  zones  during  the  Jurassic  times.  In  his 
introduction,  lleer  rightly  remarks  on  the  importance  of  the  char- 
acters of  those  northern  Jurassic  types,  as  putting  aside  the  asser- 
tion that  as  long  as  we  knew  nothing  of  the  old  floras  of  the  Polw: 
regions,  wc  could  not  really  argue  upon  \i\ve  2Lua\o^'^  oil  xXi^  ^ort^sa* 
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orer  a  whole  continent  mt  m  ^ven  period  of  time.  From  the  Car- 
bontferooB  to  the  Miocene  inclusive  the  same  relati<Mi  is  remarked 
in  the  plants  of  the  continent  of  Europe,  and  so  far  as  the  floras 
are  known,  in  that  of  America  from  the  40tb  to  the  80th 
degrees  of  latitude.  In  tracing  analogous  or  identical  types  from 
the  Carboniferous  flora  of  Portugal,  from  the  Jurassic  of  England, 
from  the  Miocene  of  Italy,  to  those  of  the  same  formations  of 
Greenland  and  Spitsbergen,  we  can  derive  reliable  conclusions  in 
regard  to  the  cnaracters  of  the  vegetation  of  these  epochs  over 
the  whole  northern  hemisphere,  if  not  over  the  whole  worid. 

Of  the  descriptions  of  the  species  of  these  Jurassic  plants  in  the 
fourth  volume  of  the  Arctic  Flora,  of  the  perfection  of  the  figures 
with  which  they  are  illustrated,  it  is  not  possible  to  speak  with 
too  high  commendation.  The  more  common  types,  that  of  the 
Ginkgo^  of  the  Baiera,  while  especially  represented  by  numer- 
ous figures,  are  restored  in  their  predommant  characters.  A  new 
genus,  Czkanowskia^  related  to  TYichopitys  of  Saporta,  has  two 
species  exposed  in  their  different  organs  by  two  full  plates  of 
figures,  iaiera  longi/oliaj  Ginkgo  sybirica  are  represented  with 
leaves,  flowers  and  fruits,  the  fructificatioti  of  the  Ginkgo  being 
very  similar  to  the  small  Cardioearj>us  of  the  CoaL  One  of  its 
species,  Podozamites  lanceolatus  is,  in  its  leaves,  remarkably  suni- 
lar  to  the  one  describeil  as  PterophyUum  f  Saydenii  in  the  CYe- 
taceous  flora  of  Nebraska. 

A  few  vegetable  remains  of  the  Cretaceous  of  Cape  Staratschin, 
already  mostly  known  as  described  in  a  former  volume,  constitute 
the  third  part,  a  very  short  one,  of  three  pages  and  half  a  plate 
of  figures. 

The  fourth  part  is  a  supplementary  description  of  seventy- 
one  Miocene  species  of  three  different  localities  of  Spitzbergen: 
Cape  Lyell,  the  Scott  Glacier,  and  Cape  Heer.  The  relation 
between  the  plants  of  these  localities  is  indicated  by  a  com- 
paratively large  number  of  species,  thirty-four  being  common  to 
Cape  Lyell  and  Scott  Glacier,  and  seven  found  also  at  Cape 
Heer,  which  has  only  fifteen  species  for  its  flora.  Considering 
the  whole  group  altogether  we  find  it  related  to  the  Greenland 
Miocene  flora  by  twenty  species,  to  that  of  Alaska  and  Sitka  by 
eleven,  ^sa  of  which  are  also  present  in  Greenland;  to  that  of 
Europe  by  twenty-one,  and  to  that  of  the  Upper  Lignitic  of  the 
Rocky  Mountains,  the  Carbon  and  the  Green  River  groups,  by 
seven.  This  relation  is  more  than  suflSciently  close  to  prove  con- 
temporaniety  of  the  formation,  even  with  the  North  American 
Miocene,  though  the  number  of  identical  species  may  appear  small 
It  is  even  more  evident  than  with  the  European  Miocene ;  for  the 
Tertiary  flora  of  this  last  continent  is  now  known  by  more  than 
four  thousand  species,  while,  including  even  the  Lower  Lignitic 
Eocene,  we  know  scarcely  as  many  hundred  from  the  North  Amer- 
ican Tertiary  formations.  Therefore  the  conclusions  taken  in 
considering  the  distribution  of  the  Carboniferous  and  Jurassic 
floras  are  valid  in  the  %ame  d^^x^  Ic^t  \\\^  Mxoft^ue*  The  essen- 
tial types  of  the  -vegetaXivoTi  ca  VXiv^  e^^c^  ^x5^S^<^^asa^^^^^x>2(& 
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whole  northern  hemisphere,  modified,  however,  by  a  difference 
already  remarked  in  the  climatic  circumstances  of  regions  under 
distant  latitudes.  For  the  Spitzbergen  Miocene  flora  has  no  species 
of  Ficus,  nor  any  kind  of  Laurineae.  It  has,  however,  two  Magno- 
lias representing,  probably,  the  highest  degree  of  temperature  of 
the  Arctic  of  that  epoch,  equivalent  to  that  at  the  present  time  of 
the  middle  States  of  North  America,  South  Pennsylvania,  and 
Ohio,  for  example,  while  the  Tertiary  flora  of  the  Western  Terri- 
tories, Colorado,  and  Wyoming,  has  from  the  Eocene  to  the  upper 
group,  the  Pliocene  of  California,  representatives  of  species  now 
inhabiting  the  shores  Gulf  of  Mexico,  and  extending  even  as  far 
south  as  Cuba  and  New  Mexico. 

The  description  of  eight  species  from  Disco,  with  two  plates  of 
illustrations,  closes  this  fourth  part  of  the  Arctic  Flora.  The 
species  are  mostly  referable  to  Jurassic  types. 

The  volume  under  consideration  has  been  prepared  from  speci- 
mens collected  by  the  Swedish  Polar  expeditions  m  the  years  1872 
and  1873.  These  specimens  were  examined  by  Heer  and  described 
in  1 874 ;  but  the  publication  of  the  work  then  ready  has  been 
delayed  by  circumstances  independent  of  the  author's  control. 
In  the  meanwhile,  the  celebrated  Professor  has  undertaken  the 
preparation  of  the  floras  of  the  different  geological  formations  of 
Switzerland,  beginning  with  that  of  the  Carboniferous,  just 
published.*  The  second  part,  that  of  the  Jurassic,  is  complete 
also,  and  ready  to  appear.  The  Carboniferous  flora  repre- 
sents the  plants  of  the  Anthracite  of  Vallais,  a  formation  of  very 
limited  extent.  The  general  character  of  these  plants  is  that  of 
the  Upper  Carboniferous,  marked  mostly,  at  least,  by  a  prepon- 
derance of  ferns :  SphenopteriSy  Neuropteris,  CyatheiteSy  Pecopte- 
riSy  etc. ;  the  Calamarice  and  the  CordaiteSy  which  the  author  con- 
siders as  Conifers.  A  number  of  species  of  Lepidodendron  and 
Sigiltaria  are  still  in  this  group;  and  as  it  has  also  Sphenopteria 
latifolia^  trifoliatay  etc.,  the  large  Alethopteris^  A.,  nervosa^ 
tSerliiy  muriccUa^  Plucknetiy  which  in  our  Coal  measures  are  more 
abundant  in  the  middle  group  or  above  the  Millstone  grit,  the  gen- 
eral facies  of  this  Anthracite  flora,  judgring  from  the  American 
point  of  view,  is  rather  that  of  the  middle  than  of  the  upper  Car- 
Doniferous.  But  it  has  one  species  of  Walchia  which,  together 
with  some  ferns,  Pecopteris  arborescenSy  NeuropterU  Loachiiy  etc., 
are  mostly  abundant  in  the  upper  Coal  measures,  even  passing  to 
the  Permian,  and  therefore  the  conclusions  of  the  author  on  the 
age  of  the  formation  have  part  of  the  evidence  in  their  favor.  A 
peculiar  trait,  marking  the  vegetable  remains  of  the  Anthracite  of 
Switzerland,  is  the  presence,  upon  the  surface  of  the  leaflets  of 
ferns  especially,  of  a  coating  of  very  hard  carbonaceous  matter, 
nearly  transformed  into  graphite,  which  generally  obliterates  the 
nervation,  and  the  deformation  of  these  pinnules  which  are  often 
drawn  and  elongated  on  one  side  of  the  pinnee  while  they  are  con- 

*  Flora  foBsilis  Helvetia.    Erste  Lieferung.    Die  Steinkohlenflora.     Zurich. 
1876.    T.  Wurster  ft  Co. 
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tracted  or  shortened  and  enlarged  on  the  other.  The  fossil  plants 
of  Rhode  Island  present  exactly  the  same  appearance,  the  aimor- 
phism  of  the  ferns  being  there  still  far  more  distinctly  marked 
than  in  the  species  figured  by  Heer,  and  the  nervation  rendered 
quite  as  obscure  by  the  superposition  of  the  coating  of  hard  coaly 
matter,  apparently  a  transformation  of  the  epidermis  by  heat.  I 
have  tried  to  explain  the  deformation  of  the  ferns,  as  a  result  of  a 
slow  movement  of  upheaval  in  successive  undulations  of  the  strata 
as  it  is  remarked  along  the  beach  of  Newport;  a  movement 
which,  while  the  plants  were  still  in  a  soft  state,  caused  an  exten- 
sion or  traction  to  one  side,  and  therefore  this  peculiar  deforma- 
tion of  the  leaflets  when  placed  on  one  side  of  the  line  of  the  force 
of  upheaval  Another  remarkable  coincidence  is,  that  Neurapte- 
ris  aJpina  St.,  a  very  rare  species,  found  in  Europe  only  in  the 
anthracite  of  Switzerland,  is  found  also  at  Newpoit,  and  has  not 
been  until  recently  seen  anywhere  else  in  the  American  Coal- 
measures.  The  Carboniferous  flora  of  Heer  contains  descriptions 
and  figures  of  one  hundred  species,  seventeen  of  which  are  consid- 
ered as  new  by  the  author. 

Professor  Heer  has,  it  seems,  opportunity  to  study  plants  of 
most  of  the  geological  formations  of  Europe,  and  indeed  his  pro- 
found knowledge  of  fossil  botany  seems  to  render  every  work 
related  to  this  science  an  easy  task  for  him.  He  has  also  recently 
published  a  pamphlet  on  some  Permian  plants  of  Hungary,*  aud 
there  describes  one  species  of  Baiera^  one  of  Ulmannia^  two  VoU- 
zia^  one  Schizolejpi^^  with  six  Carpolithea ;  these  all  new  species. 
The  work  exposed  in  this  short  review,  and  which  scarcely  repre- 
sents two  years  of  the  labors  of  the  celebrated  professor,  would 
make  an  honorable  record  for  a  whole  scientific  life. 

Another  European  paleontologist,  Count  Saporta  of  Aix,  enjoy- 
ing a  degree  of  celebrity  as  high  and  as  well  merited  as  that  of 
Professor  Heer,  and  equally  versed  in  the  study  of  the  fossil  plants 
of  the  different  formations  of  Europe,  has  lately  with  the  assist- 
ance of  his  friend,  Dr.  Marion,  published  the  Pliocene  floni  of 
Maximieux.  By  the  exposition  ot  transitional  forms  traced  to  liv- 
ing species  of  the  same  country,  this  flora  is  like  a  link  between 
the  vegetation  of  the  Miocene  and  that  of  the  present  time,  aud 
thus  affords  evidence  on  the  succession  and  modification  of  veg- 
etable types  which  has  not  been  obtained  elsewhere  until  now. 
The  workf  describes  thirty-two  species  splendidly  illustrated, 
most  of  the  figures  having  in  contraposition  a  representation  of 
the  living  species  to  which  they  are  compared  as  identical  or 
intimately  related.  The  exhibition  of  this  relation  gives  subjects 
for  consideration  as  instructive  to  American  as  to  European 
botanists,  if  not  more  so.  We  find  in  it  a  species  of  Toirrey<u  a 
genus  out  of  Europe  now,  but  present  in  California ;  PlatanvA 
aceroides  var.  cuneifolia  intimately  related  to,  if  not   identical 

*  Ueber  Periniacho  Pflanzen  von  Fimfkirchen  in  Ungarn,  von  Dr.  Oswald  Heer. 
Budapert,  (1876.) 

j  Kecherches  sur  lea  v^g4XaMx  iom\^^  ^'&liax\ni\eux  par  le  Comte  G.  de  Saporta 
et  le  Dr.  A.  F.  Marion.    Lyon,  ©Vi.    ^\%*l^^ 
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with  the  North  American  Platarms  occiden  talis,  var.  acerifo- 
lia.  Liqtiidnmhar  Europeimi,  a  Miocene  species  without  relation 
now  in  the  European  flora,  but  reproduced  still  in  that  of  our  con- 
tinent; in  the  family  of  the  LaurinesB  the  group  of  Maxiinieux  has 
Persea  Carolinensis ;  in  the  Magnolia^  a  species  similar  to  the 
American  M,  grandifolia  /  and  still  more,  one  Lyriodendron,  a 
2'ilia  represented  now  by  our  T,  pubescent,  and  an  Hex  related 
to  L  Cassine.  Thus,  nine  species  of  this  group  of  thirty-two 
Pliocene  European  species  belong  by  identity  or  close  affinity  to 
the  present  North  American  flora,  while  ten  only  are  European ; 
the  others  being  related  by  nine  species  to  the  flora  of  the  Cana- 
ry Islands  and  by  four  to  Asiatic  types. 

Besides  its  intrinsic  value,  Sapoita's  work  has  a  peculiar  inter- 
est for  the  paleontology  of  this  continent,  where  only,  after  Maxi- 
mieux,  materials  pertaining  to  a  pliocene  vecretation  have  been 
obtained;  first  from  the  Chalk  Blufls  of  the  Mississippi,  below  the 
mouth  of  the  Ohio,  and  later  and  more  abundantly  from  the  gold- 
bearing  gravel  beds  of  Nevada  County,  California.  From  this 
last  formation  fifty  species  are  known,  and  ten  from  the  former ; 
and  of  these  sixty  species,  forty-six  are  American,  either  identical 
with  or  closely  allied  to  some  species  of  our  present  flora.  Of  the 
number,  six  are  already  represented  in  the  Lignitic  flora  of  the 
Rocky  Mountains,  a  fact  proving  the  long  continuance  of  vegeta- 
ble types  on  this  continent ;  for  the  American  types  of  the  Plio- 
cene of  Maximieux,  PlataniiSy  Liquidambar,  Persea,  Magnolia, 
I/yriodendron,  etc.,  are  all  already  present  in  the  American  Mio- 
cene as  in  that  of  Europe,  and  therefore  have  not  come  to  us  by 
migration.  This  subject,  however,  of  transformation  and  migra- 
tion of  vegetable  types  is  examined  with  some  more  details  in  a 
memoir  on  the  Pliocene  flora  of  California,  now  in  the  way  of 
publication  as  a  new  volume  on  the  Geology  of  California,  by 
Professor  J.  D.  Whitney.  It  is,  therefore,  more  appropriate  to 
postpone  a  consideration  of  it  for  the  present. 

8.  I^eliminary  Note  on  the  Development  of  Organisms  in 
Organic  Infusions ;  by  John  Tyndall,  F.R.S.  Received  Janu- 
ary 18,  1877. — I  beg  leave  to  submit  to  the  Royal  Society  a  brief 
preliminary  note  of  the  results  obtained  in  the  further  prosecution 
of  my  researches  "On  the  Optical  Deportment  of  the  Atmosphere, 
with  reference  to  Putrefaction  and  Infection." 

The  very  remarkable  experiments  of  Dr.  Roberts,  of  Manches- 
ter, which  have  been  confirmed  by  Professor  Cohn,  of  Hreslau, 
have  been  both  verified  and  contradicted  by  my  recent  researches. 
In  some  cases  alkalized  hay-infusions  have  been  completely  steril- 
ized by  boiling  for  five  minutes,  in  other  cases  they  have  with- 
stood the  boiling  temperature  for  a  far  longer  period. 

Pui'suing  with  scrupulous  exactness  the  method  of  experiment 
devised  by  Dr.  Roberts,  and  in  part  followed  by  Professor  Cohn, 
I  have  found  in  other  infusions  than  hay  an  enormous  resistance 
to  sterilization.  A  single  conspicuous  example  will  serve  as  an 
illustration.     Cucumber-infusion  has  been  subjected,  for  intervals 
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varying  from  five  minutes  to  five  hours  and  a  half,  to  the  boiling 
temperature  without  losing  its  power  of  developing  life.  Two 
days*  exposure  to  a  temperature  of  90°  Fahr.,  subsequent  to  this 
treatment,  sufficed  to  develop  in  it  swarms  of  Bacteria, 

The  infiision  which  thus  withstood,  in  one  of  Dr.  Roberts's 
**plugged  bulbs,"  the  temperature  of  boiling  water  for  330  min- 
utes, was  completely  sterilized  in  three  minutes  by  boiling  it  in  a 
small  flask  with  a  narrow  neck,  and  hermetically  sealing  the  flask 
during  ebullition.  In  the  case  of  the  '^plugged  bulbs"  the  ob- 
served resistance  was  due,  not  to  the  germs  of  the  infusion,  but  to 
those  diffused  in  the  air  above  it 

I  have  also  pursued  my  experiments  with  closed  chambers,  from 
which  the  floating  matter  was  removed  by  self-subsidence.  With 
certain  new  infusions  introduced  into  this  inquiry  failure  after 
failure  occurred,  two  or  three  days  generally  sufficing  to  fill  the 
boiled  and  protected  liquids  with  Bacterial  life.  The  vegetable 
infusions  usuallv  became  turbid  throughout ;  but  a  characteristic 
feature  of  the  hfe  developed  in  all  infusions  during  the  last  three 
months  was  the  formation  upon  their  surfaces  of  a  thick  and  deeply 
pitted  fatty  scum.  Precautions  far  greater  than  those  found  suc- 
cessful a  year  ago  failed  to  protect  these  infusions  from  contami- 
nation. 

I  resorted  to  the  mode  of  calcination  by  an  incandescent  plati- 
num wire,  applied  with  such  uniform  success  in  my  last  inquiry. 
The  wire  was  brought  close  to  its  point  of  fusion,  the  period  of 
incandescence  was  doubled,  and  extraordinary  care  was  taken  to 
ward  off  infection  by  a  ring  of  cotton-wool.  The  care  proved 
nugatory ;  for,  in  despite  of  it,  swarming  life  appeared  in  the  in- 
fusions afterwards. 

I  tried  to  reproduce  the  results  with  animal  infusions  obtained 
with  such  ease  and  certainty  a  year  ago.  Some  of  these  old  infu- 
sions, highly  concentrated  by  evaporation,  remain  with  me  to  the 
present  hour ;  they  are  as  clear  as  distilled  water.  But  in  my  re- 
cent experiments,  where  the  care  bestowed  far  exceeded  that 
found  necessary  in  my  last  inquiry,  the  animal  infusions,  like  the 
vegetable  ones,  fell,  for  the  most  part,  into  putrefaction. 

With  hermetically  sealed  flasks,  properly  boiled  and  sealed 
with  due  care  (I  would  emphasize  this  condition),  there  was  no 
difficulty  in  sterilizing  any  of  the  animal  infusions. 

Hy  the  scrupulous  lemoval  of  every  possible  source  of  contami- 
nation I  was  able  finally  to  maintain  some  of  the  most  refractory 
of  the  liquids  operated  on  perfectly  pellucid,  in  closed  chambers 
from  which  the  floating  dust  had  disappeared  by  self-subsidence. 

It  is  to  be  noted  that  the  earliest  experiments  of  this  inquiry 
were  quite  in  harmony  with  all  the  results  of  the  former  one,  and 
that  it  was  only  as  time  advanced  that  the  singular  discordance 
between  recent  and  former  results  showed  itself  in  any  marked 
degree.     What  was  the  cause  of  this  discordance  ? 

The  question  \a  to  be  answered  by  reference  to  the  experiments 
with  hay-infusions,  vr\v\Ci\L\?^T^  \>^^\vol  %^\V^  ^.wd  were  multiplied 
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and  varied  later  on.  By  practice  such  a  mastery  over  these  infu- 
sions was  at  length  attained  that,  though  the  same  method  of  ex- 
pei-iment  was  undeviatingly  pursued,  1  could  contradict  or  cor^ 
roborate,  at  will,  the  observations  of  Dr.  Roberts  and  Professor 
Cohn. 

On  analyzing  these  apparently  irreconcilable  results,  it  was 
found  that,  in  almost  every  case  where  five  minutes'  boiling  suf- 
ficed to  sterilize  alkalized  hay-in  fusion,  the  hay  employed  was 
mown  in  1876,  while  in  almost  every  case  where  the  greater  re- 
sistance to  sterilization  was  shown,  the  hay  was  mown  either  in 
1876  or  some  previous  year.  The  hay  found  most  difficult  to 
sterilize  was  from  Colchester,  and  it  was  five  years  old. 

To  the  drying  and  hardening  of  the  germs  of  the  old  hay  by 
time  I  ascribe  this  singular  result. 

An  experiment  on  artificially  dried  peas,  as  compared  with  the 
same  peas  undried,  is  not  without  instruction.  After  boiling  for 
an  hour  or  so,  the  undried  peas  become  tasteless,  while  the  dried 
ones  retained  a  considerable  amount  of  flavor.  After  a  couple  of 
hours'  boiling  the  undried  peas  rendered  the  water  in  which  they 
were  immersed  thickly  turoid,  the  liquid  surrounding  the  dried 
peas  remaining  at  the  same  time  perfectly  clear.  The  dried  peas 
were  rendered  soft,  but  many  of  the  green  peas  were  reduced  by 
two  hours'  boiling  to  a  mere  pulp,  the  mixture  of  which  with  the 
water  rendered  it  muddy. 

The  comparative  tastelessness  of  the  undried  peas  proved  that 
their  juices,  which  are  an  essential  factor  of  their  individuality, 
and  probably  also  of  their  power  of  germination,  had  diifused  into 
the  surrounding  water.  On  the  other  hand,  the  clearness  of  the 
water  which  embraced  the  dried  peas  indicated  a  restriction  of 
the  exchange  of  matter  between  the  peas  and  the  medium  in 
which  they  were  immersed.  The  experiment  threw  light  upon 
the  fact  that  even  with  four  or  five  hours'  digesting,  it  was  im]>os- 
sible  to  make  the  specific  gravity  of  the  samples  of  my  oldest  hay 
sensibly  greater  than  that  of  water.  The  dryness  and  induration 
of  the  old  hay  thus  indicated  being  shared  by  the  germs  attached 
to  the  hay,  endowed  them,  I  doubt  not,  with  their  greater  power 
of  resistance. 

Experiments  have  also  been  made  with  new  liay  dried  artifi- 
cially at  temperatures  varying  from  140**  to  186°  Fahr.,  an  ac- 
count of  which  shall  be  communicated  in  due  time  to  the  Royal 
Society. 

The  different  samples  of  hay  employed  in  this  investigation 
were  introduced  in  succession  into  the  laboratory  of  the  Royal 
Institution,  and  they  ended  bv  rendering  the  atmosphere  of  the 
place  so  virulently  infective  tliat  precautions  which,  under  ordi- 
nary circumstances,  were  more  than  sufficient  to  secure  perfect 
immunity  from  external  contamination,  were  found  utterly  in- 
effectual. 

Thanks  to  the  friendly  action  of  the  President  of  the  Royal 
Society,  I  was  enabled  to  escape  from  this  atmosphere  to  «.  ^\yt^x 
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air.  I  had  a  ^ries  of  tin  chambers  constructed,  which  were  not 
l>ermitted  to  enter  the  Royal  Institution  at  all,  but  were  taken 
straight  from  the  tinman  to  Kew  Gardens.  They  were  mounted 
in  the  excellent  laboratory  recently  erected  there  by  the  munifi- 
cence of  Mr.  Jodrell.  In  this  new  position  the  insuperable  diffi- 
culties encountered  in  London  disappeared,  and  the  experiments 
followed  the  course  of  those  described  in  my  last  investigation. 
Two  of  the  chambers  gave  way ;  but  on  bemg  scrutinized  they 
were  found  leaky.  Five  sound  chambers,  on  the  contrary,  re- 
mained perfectly  intact,  and  they  embi*aced  the  particular  sub- 
stances which  had  given  me  so  much  trouble  in  London.  Iniu- 
sions  exposed  to  the  common  air  at  Kew  became  rapidly  rotten. 

A  fuller  account  of  these  researches  shall  soon  be  submitted  to 
the  Royal  Society.  In  prosecuting  them  thus  far  I  have  been 
very  ably  assisted  by  Mr.  Cottrell  and  his  junior  colleague  Mr. 
Frank  v  alter. — Proc,  Roy,  Soc.y  vol.  xxv.  No.  177. 

9.  On  Heat  as  a  Germicide  when  discontinuously  applied; 
by  John  Tyndall,  F.R.S.  Received  Feb.  14,  1877.  (Letter 
addressed  to  T.  II.  Huxley,  Esq.,  Sec.  R.  Soc,  and  dated  Feb.  14, 
1877.) — In  my  "Preliminary  Note,"  communicated  to  the  Royal 
Society  on  the  1 8th  of  January,  various  infusions  were  referred  to 
as  manifesting  an  astonishing  resistance  to  sterilization  by  heat 
This  resistance  was  traced  to  its  source ;  and  I  have  been  since 
informed  that  yon  were  good  enough  to  express  at  the  time  a  very 
favonible  opinion  as  to  the  significance  and  value  of  the  results 
indicated. 

It  will,  I  think,  now  interest  you  to  learn  that  the  most  obsti- 
nate of  tlie  infusions  referred  to  in  the  ''  Note"  have  been  since 
rendered  tractable  by  the  application  of  very  simple  means.  Fol- 
lowiniij  u|)  the  plain  suggestions  of  the  germ  theory,  I  have  been 
able,  even  in  the  midst  of  a  virulently  infective  atmosphere,  to 
sterilize  all  the  infusions  by  a  temperature  lower  than  that  of 
boiling  water. 

It  is  known  that  the  prolonged  application  of  a  low  tempera- 
ture is  often  equivalent  to  the  brief  applfcation  of  a  higher  one: 
and  you  may  therefore  be  disposed  to  conclude  that  in  the  experi- 
ments here  referred  to  I  have  substituted  time  for  intensity.  Ihis, 
however,  is  not  the  case.  The  result  depends  solely  upon  the 
manner  in  which  the  heat  is  applied.  For  example,  I  boil  an  in- 
fusion for  fifteen  minutes,  expose  it  to  a  temperature  of  90°  Fahr., 
and  find  it  twenty-four  hours  afterward  swarming  with  life.  I 
submit  a  second  saraj)le  of  the  same  infusion  to  a  temperature 
lower  than  that  of  boiling  water  for  five  minutes,  and  it  is  ren- 
dered permanently  barren. 

The  secret  of  success  here  is  an  open  one.  I  have  already  re- 
ferred to  the  period  of  latency  which  precedes  the  clouding  of 
infusions  with  visible  Bacteria,  During  this  period  the  germs  are 
being  prepared  for  their  emergence  into  the  finished  organism. 
They  reach  the  end  of  this  period  of  preparation  successively — the 
period  of  latency  ot  awy  ^^tra.  ^^^o^vVvw^  u^^on  its  condition  as 
regards  dryness*  and  \Tidv\Ta\\oYv.    A\v\^.^\Xi^\i.^\^\Q.^\s\.^^<^  ^^i^to- 
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ceeding :  before  the  latent  period  of  any  of  the  germs  has  been 
completed  (say  a  few  hours  after  the  preparation  of  the  infusion), 
I  subject  for  a  brief  interval  to  a  temperature  which  may  be  under 
that  of  boiling  water.  Such  softened  and  vivified  germs  as  are  on 
the  point  of  passing  into  active  life  are  thereby  killed ;  others  not 
yet  softened  remain  intact.  I  repeat  this  process  well  within  the 
interval  necessary  for  the  most  advanced  of  those  others  to  finish 
their  period  of  latency.  The  number  of  undestroyed  germs  is 
further  diminished  by  this  second  heating.  After  a  number  of 
repetitions,  which  varies  with  the  character  of  the  germs,  the  infu- 
sion, however  obstinate,  is  completely  sterilized. 

The  periods  of  heating  need  Jiot  exceed  a  fraction  of  a  minute 
in  duration.  Sum  them  up  in  the  case  of  an  infusion  which  they 
have  perfectly  sterilized;  they  amount  altogether  to,  say,  five 
minutes.  Boil  another  sample  of  the  same  infusion  continuouslv 
for  fifteen  or  even  sixty  minutes,  you  fail  to  sterilize  it,  although 
the  temperature  is  higher  and  its  time  of  application  more  than 
tenfold  that  which,  discontinuously  applied,  infallibly  produces 
barrenness. 

In  a  few  weeks  1  hope  to  bring  this  entire  subject  under  the 
notice  of  the  Royal  Society. — JProc.  Hoy,  Soc.y  Feb.  1,  1877,  vol. 
XXV,  No.  178,  p.  669. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  NcUioncU  Academy  of  Sciences. — At  the  session  of  the  Na- 
tional Academy,  held  in  Washington,  April  17-20,  1877,  the  fol- 
lowing new  members  were  elected :  Elliott  Coues,  U.  S.  A., 
Washragton,  D.  C. ;  John  W.  Draper,  New  York ;  Henry  Draper, 
New  York ;  S.  H.  Scudder,  Cambridge,  Mass. ;  C.  S.  Peirce,  Cam- 
bridge, Mass. 

The  following  is  a  list  of  the  papers  read  at  the  meeting : 

On  a  new  measuring  instrument:  the  vernier  microsoope;  by  A.  M.  Mateb. 
On  the  laws  ruling  the  vibration  of  tuning-forks ;  by  A.  M  Mateb. 
On  the  determination  of  the  coefiBcient  of  expansion  of  solids ;  by  A.  M.  ]S(ayeb. 
On  some  remarkable  facts  in  the  distribution  of  magnetism  in  very  long  (5  ft.  ^  in.) 
magnets ;  by  A.  M.  Mayer. 
On  systematic  errors  in  star  declinations;   by  E.  C.  Pickering  and  W.  A. 

R0OER&' 

Micrometer-level  and  topographical  camera ;  by  £.  C.  Pickering. 

On  the  young  stages  of  some  osseous  fishes ;  by  Alex.  Agassiz. 

The  results  of  deep-sea  dredg^ng^ ;  by  Alex.  Agassiz. 

On  critical  periods  in  the  history  of  the  earth,  and  their  relations  to  evolution, 
and  on  the  Quaternary  as  such  a  period ;  by  Joseph  LeConte. 

On  the  structure  of  the  crystalline  lens,  and  its  relation  to  periscopism;  by 
Joseph  LeConte. 

On  the  progressive  motion  of  storms ;  by  William  Ferbel. 

Contribution  to  Meteorology ;  by  Elias  Loohis.    (7th  paper.) 

Improved  method  of  obtaining  metallic  spectra ;  by  G.  F.  Barker. 

On  the  effect  produced  by  mixing  white  with  colored  light ;  by  O.  N.  Kood. 

On  Newton's  use  of  the  term  indigo  with  reference  to  the  color  of  the  spectrum ; 
by  O.  N.  Rood. 

Internal  structure  of  the  earth  as  affecting  the  phenomena  of  precession  and 
nutation:  supplementary  to  article  under  this  head  read  before  the  Academy,  and 
published  in  voL  xiii,  Smithsonian  Contributions;  by  J.  Q.  Bkssii>ss^. 
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A  proposed  new  method  in  solar  spectrum  analysis ;  by  8.  P.  LANaLET. 

On  some  researches  in  the  theory  of  invarients ;  by  J.  J.  Stlyssteb. 

Peciiliarities  noticed  in  the  oxidation  of  aromatic  sulpho-adds ;  by  Ira  Bemsen. 

On  complex  inorganic  acids ;  by  Wolcott  Gibb& 

Description  of  a  detached  gravity  escapement ;  by  G.  A.  Young. 

Remarks  on  the  apparent  secular  acceleration  of  the  mean  motion  of  the  moon, 
as  derived  from  the  observations  of  the  ancient  edipses ;  by  Simok  Newookb. 

Researches  in  linear  theory ;  by  Qbo.  W.  Hill. 

On  the  structure  of  the  **  Henry"  Mountains ;  by  G.  K  Gilbert. 

On  the  public  domain ;  by  J.  M.  Powell. 

Remarks  on  some  artesian  wells,  along  the  line  of  the  Union  Pacific  Railroad 
in  Wyoming  Territory ;  by  F.  V.  Hatden. 

2.  JExcrementitiotiS  deposits  in  the  Rocky  Movntain  region, — 
A  paper  on  these  deposits,  in  Nevada,  by  H.  W.  ITensuaw  (Ptoc 
Acad.  ScL  Philad.,  1877,  39)  sustains  the  view  of  Pro£  Cope,  that 
they  were  made  by  the  big-eared  rats,  a  species  of  Neotome^  and 
probably. xV.  cinerea.  They  consist  of  vegetable  matter,  as  shown 
Dv  the  chemical  analysis  of  Dr.  Lcew,  in  the  volume  on  Zoology, 
of  Lieutenant  Wheeler's  expedition.  Part  have  a  bitomen-like 
look,  and  others  vary  from  this  to  pill-like  excrements.  In  a 
crevice  of  the  rocks  one  deposit  had  a  depth  of  two  feet,  and  con- 
tained also  small  twigs  ana  some  birds'  feathers.  ^'  The  mass  was 
evidently  the  accumulation  of  years,  and  had  served  as  a  nest. 
Throughout  was  a  large  amount  of  hard  droppings  from  which 
the  unne  had  passed,  and  whose  nature  was  unmistakable.  The 
urine,  charged  with  a  certain  amount  of  excreraentitious  matters, 
had  filtered  through  to  form  the  singular  deposits."  Water  or 
the  urine  has  carried  the  portions  it  could  dissolve  down  the  faces 
of  walls  and  deposited  it  on  shelves  where  no  animals  without 
wings  could  reach,  and  sometimes  on  the  roofs  of  cavities.  All 
the  regions  where  these  deposits  occur  are  inhabited  by  the  Neo- 
toma,  which  is  eminently  a  vegetarian. 

3.  Fourth  Annual  Report  of  the  New  Jersey  State  Board  of 
Agriculture  for  the  year  1876.  196  pp.  8vo.  Trenton,  N.  J.— 
Besides  details  of  economical  importance,  this  Report  contains  an 
account  of  the  Green  sand  beds  of  the  State  by  Prof.  G.  H.  Cook 
(Secretary  of  the  Board)  with  sections,  and  detailed  descriptions, 
and  many  analyses  of  the  green  sand  and  clayey  marls.  All  oeloug 
to  the  Cretaceous,  excepting  the  upper  layer  of  the  Upper  Green 
sand,  which  is  Eocene  Tertiary.  The  value  of  the  green  sand 
marl,  in  agriculture,  is  treated  of  at  length.  There  is  also  an 
account  of  the  Miocene  Tertiary  marls  of  the  State. 

4.  Primer  of  Chemistry^  including  analysis  /  by  A.  Vacher. 
108  pp.  12mo.  London,  1877.  (Churchill). — The  author  states 
that  this  little  book  represents  ten  years'  experience  in  teaching 
the  rudiments  of  chemistry  and  analysis.  The  term  unit  replaces 
atom  and  molecide,  and  antimetcd  serves  in  place  of  radical^  and 
the  student  is  left  to  guess  at  the  meaning  of  atomic  weight  and 
equivalent,  these  terms  not  being  found  in  the  book.  The  science 
is  compressed  into  a  small  compass,  but  the  condensation  passes 
the  limit  of  clearness.  b.  s. 

5.  Correction. — Comet  \>^  V^ll  ^  ^%&  discovered  by  WiNimcKt 
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Adams^  A.  X.,  sanrian  Tertebra  from  the 

Arctic  regions,  316. 
Agaaaiz,  A,,  echinoderms  of  "Porcupine" 

and  '^Challenger"  expeditions,  164. 
zoology  of  "Challenger"  expedition, 

165. 
AkeatorideBj  action  of  fuming  nitric  add 

<ni  coal  gaa,  301. 
Allantoin,  synthesis  of,  218. 
Allen,  J.  A.,  American  Bison,  76. 
Aluminium  in  steel  and  iron,  Blair^  421. 
Aniline  manufacture,  Jackson^  449. 
AreMhoug^  J.  K^  Copulation  of  MicroEO- 

oepores,  164. 
Amott,  N.,  Elements  of  Physics,  244. 
Astronomical  myths,  404. 

publications.  Lord  Lindsay,  398. 
Atlantic,  shoal  in,  326. 
Atmosphere  of  Rocky  Mts.,  Draper^  89. 
Awrhach^  vowel  "clang,"  378. 
AuBteriy  P.  71,  dinitroparadibrombenzols, 

95. 
nitro-deriTtttiTes  of  diphenylamine, 

279. 
nitrogen  compounds,  noticed,  68. 
Aymonnetj  properties  of  chemical  sub- 
stances, 217. 
diathermaneity  of  metals  and  paper, 

303. 

B 

BaiUon,  H.,  Dictionnaire  de  fiotanique, 

320. 
Balance-beams,  rock  crystal  for,  216. 
Barker,  O.  /*.,  chemical  abstracts,  55, 146, 

216,  299,  371,  461. 
Barrdty  S.  2!,  Lower  Helderberg  of  Port 

Jervis,  N.  Y.,  386. 
Becquerelj  E.,  ultra  red  spectrum,  379. 
Beli,  7!,  loess  of  Rhine  and  Danube,  383. 
Benzol  compounds,  Austen^  96. 

derivatives  of,  375. 
BerOulot,  constitution  of  phosphates,  66. 
detection   of  ordinary  alcohol   in 
wood  spirit,  218. 

chemical  actions  of  the  silent  elec- 
tric discharge,  371. 

action  of  ozone  on  nitrogen,  372. 
Berihaud,  E,  &,  meteorology  of  Gk>lden, 
Colorado,  326. 

*  Tbe  Index  eontains  the  general  headi  Botaitt,  Obologt«  MnrsxALOOT,  Zooloot,  and 
vnder  eacb  tlie  ttttea  of  Artlclei  referring  thereto  are  inentloned. 


Bianconi,  plasticity  of  ice,  69. 
Binocular  phenomena,  LeCorUey  252. 
Blair,  A.  A.,  chromium  and  aluminium 

in  steel  and  iron,  421. 
Blake,  J.  F.,  astronomical  myths,  404. 
Blasema,  P.,  sound  in  relation  to  music, 

168. 
BoguBki,  velocity  of  chemical  reactions, 

299. 
Boitbavdran,  properties  of  gallium,  69. 
BdUasmann,  kinetic  theory  of  gases,  378. 
Boricky,  £.,  igneous  rocks  of  Bohemia, 

162. 
Boron,  so-called  crystallized,  Eampe,  66. 

BOTAKT — 

Dextrorse  and  sinistrorse,  236,  391. 

Elliott's  Botany,  81,  392. 

European  flora,  geographical  statistics 
of,  83. 

Fernlization,  cross-  and  self-,  125. 

France,  tender  trees  and  shrubs  of, 
471. 

Fungi,  recent  papers  on,  322. 

Gelsemium  sempervirens,  58. 

Gnetum  gnemon,  female  flower  of,  469. 

Helianthus  tuberosus,  347. 

Homogone  and   heterogone  flowers, 
Cfray,  82. 

Maize  fodder,  Johnaon,  202. 

Microzodspores,  conjugation  of,  164. 

Mistletoe,  238. 

destruction  of  trees  by,  322. 

Monocotyledons,  394. 

Onion  smut,  Farlow,  392. 

Orchids,  fertilization  of,  noticed,  395. 

Sugar  beet,  alcohol  from  leaves  of,  218. 

Sweet  Potato,  Johnson,  197. 

Tendrils,  coiling  of,  391. 

Ulothrix  zonata,  reproduction  of,  163. 

Vegetation,  Gilbert,  20,  99,  181. 

See  also  under  Geology. 
Bressa  Prize,  Turin  Acad.  Sci.,  167. 
Broadhead,   G.   C,  barite  and   gothite 

from  Missouri,  419. 
Bufl!alo  Soc.  Nat  Sci,  Bulletin  of,  325. 

c 

OaiOetei,  L,,  measurement  of  high  pres- 
sures, 303. 
California  State  Geological  Society,  326. 
Carb<m  dioxide,  66. 
Carbon,  in  luminous  flames,  217. 
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Carpenter,  W.  B.,  physical  investigations 
on  the  *•  Valorous*"  437. 

Challenger  expedition,  zoology  of,  1 65. 

Chamberlain,  T.  C,  geological  survey  of 
Wisconsin,  230. 

Chapman,  E.  J.,  Geology  of  Canada,  81. 

Chemical  reactions,  velocity  of,  299. 

Chemistry  and  physics  in  America,  61. 

Chemist's  manual,  404. 

Chester,   A.   H.,   identity    of    peganite, 
variscite  and  callaiaite,  295. 
sepiolite  from  Utah,  296. 

Chittenden,  R  If.,  flesh  of  halibut,  123. 

Chrietomanos,  iodine  trichloride,  461 . 

Chromium  in  steel  and  iron.  Blair,  421. 

Chronometers,  compensation  in,  James, 
113. 

Claesson,  ethyl-mercaptan,  463. 

Clarke,  F,  W.,  notes  on  mineral  analyBis, 
fluorides,  molecular  volumeSi  290. 

Claydeji,  spectra  of  indium,  57. 

Cleve,  two  new  dichlomaphthalenes,  148. 

Chfz,  copper  in  blood  of  wild  animals, 
464. 

Coffin,  J.  IT.,  winds  of  the  globe,  273. 

Color,  sensation  of,  Peirce,  247. 

Columbic  acid  minerals.  Smith,  359. 

Combustion,  increase  of  weight  by,  304. 
influence  of  pressure  on,  220. 

Comets  in  1877,  399,  400,  482. 

Conrad,    T.  A.,    relations    of    Balanus 
Kstrellanus  of  California  Miocene,  156. 

Cook,  G.  H.,  report  of  the  state  geologist 
of  New  Jersey,  231. 

Cooke,  J.  P.,  Jr.,  new  mode  of  manipulat- 
ing hydric  sulphide,  427. 

Cope,   K   D.,    fossil    vertebrates    from 
Montana,  316. 

Copper  in  blood  of  wild  animals,  464. 

Coumarin,  synthesis  of,  463. 

Crommydis.  glycoUic  acid,  302. 

Crow,  hypovanadic  oxide  and  its  com- 
pounds, 147. 

Crazier,  E.  S.,  destruction  of  forest  trees 
by  mistletoe,  322. 

Cyanamide,  constitution  of,  462. 

Cygnus,  new  star  in,  395. 


Dana,  E.  S.,  mi  noralogical  notes,  162, 318. 

text-book  of  Mineralogy,  317. 
Dana,  J.  D.,  note  on  the  glacial  era,  79. 
A.  Wing's  discoveries  in  Vermont 
geolog}',  3:i2,  405. 
Darwin,  C,  fertilization  of  orchids,  395. 

cross-  and  self-fertilization,  125. 
Darwin,  G.  H.,  influence  of  geological 

changes  on  the  earth's  axis,  444. 
Dawson,   G.   M.,  locusts  in   Manitoba, 

1875,  401. 
DeCandolle,  coiling  of  tendrils,  391. 


Dechant,  polarization  of  the  rainbow,  465. 

Delafontaine,  herroannolite  and  samars- 
kite,  390. 

Delesse,  Revue  de  G<k>logie,  315. 

Diller,  J  S.,  Westfield  during  the  Cham- 
plain  period)  262. 

Diphenylamine,  derivatives  of,  Austen, 
279. 

Dodel,  A.,  Ulothrix  zonata,  163. 

Draper,  H.,  astronomical  ob0ervatk>OB 
on  atmosphere  of  Rocky  Mountains,  89. 
spectra  of  Venus  and  a  LyrsBf  95. 

Draper,  J.  W.,  Chemistry  and  Pbymcs 
in  America,  61. 
researches  in  Physics,  67. 

E 

Ehman,  atomic  weight  of  selenium,  462. 
Electric  discharge,  chemical  actions  of, 

371. 
Electricity,  velocity  of,  60. 
Elsaesser,    evolution    of    hydrogen    in 

electrolysis,  217. 
Emodin  from  bark  of  buckthorn,  148. 
Engineer's  report,  1876,  402. 
Ethyl-mercaptan  and  its  derivatives,  463. 
Everett,  underground  temperatures,  452. 


Farlow,  W.  0.,  botanical  notices,  163, 322. 

onion-smut,  392. 
Fat-extraction,  Johnsoji,  196. 
FUeii,  constitution  of  cyanamide,  462. 
Films,  metallic,  Wright,  49. 

of  water,  151. 
Fischer,  phthaleins  of  tertiary  aromatic 

bases,  149. 
Flames,  luminous,  theory  of,  217,  220. 

sensitive,  219. 
Fluorescence,  380,  466. 
Fluorides,  note  on,  Clarke,  291. 
Fog-signals,  Henry,  151. 
Fontaine,    W.   M.,  vespertine   strata  of 

Virginia,  37,  115. 
Ford.  S.  W.,  Microdiscus  speciosus,  141. 

embryonic  forms  of  trilobites,  265. 
Forest  and  prairie  regions,  origin  of.  81. 
Friction,  laws  of,  KimbaU,  353. 


Gallium,  physical  properties  of,  59. 
OaUoi,  scrophantine  and  ineine,  464. 
Gardner,  J.  T.,  topographical  survey  of 

the  State  of  Now  York,  244. 
Gases,  kinetic  theory  of,  378. 
Geikie,  J.,  Great  Ice  Age,  81. 
G«initz,  H.  B.,  geology  and  paleontologr 

of  the  Argentine  Republic,  233. 
Genth,  F.  A.,  Report  on  the  Mineralogr 

of  Pennsylvania,  317. 


INDEX, 


485 


Gbologioal  Reports  ob  Subyets — 
Alabama,  230. 
Fortieth  Parallel  (Eing's)^  Microscopic 

Petrography,  by  P.  Zirkel,  309. 
Kentuc^,  74. 
Montana  Territory,  228. 
New  Jersey,  231. 
Pennsylvania,  75. 

Territories  (Hayden*8),  68,229,387,468. 
Victoria,  167. 
West  of  100th  Meridian  (Wheeler's), 

85.  468. 
Wisconsin,  230. 
Geological  Society  of  London,  325. 
Geoloqt — 

Arctic  regions,  saurian  from,  316. 
Balanus  Estrellanus,  relations  of,  156. 
Basalt,  312. 
Belemnocrinus,  revision  of  the  genus, 

Wachamuth  and  Springerj  263. 
Belgium,  plutonic  rocks  of,  234. 
Botany,  fossil,  works  on,  472. 
Carboniferous,  relation  of  to  Permian, 

315. 
Carboniferous  flora,  222. 
Connecticut  valley  Helderberg,  313. 
Cretaceous  of  Queen  Charlotte  Is.,  167. 
Dolerytes,  iron  in,  HaweSj  33. 
Earth^s  axis  as  affected  by  geological 

changes,  444. 
Elephant,  fossil,  167. 
Eolian  limestone  of  Vermont,  fossils 

in,  A.  Wing,  382,  405. 
Feldispathic  rocks,  solubility  of,  315. 
Glacial  era,  note  on,  79. 
Glaciation  of  Shetland  Islands,  155. 
Glaciers  in  the  Urals,  232. 
"  Greenstones  "  of  Cornwall,  159. 
Huronian    rocks    of   Lake    Superior 

region,  245. 
Long  Island,  heights  on,  236,  403. 

water-courses  on,  142,  215. 
Japan,  porcelain  rocks  of,  389. 
Kudaruyamite,  389. 
Microdiscus  speciosus,  Ford,  141. 
Miocene  in  Southern  New  Guinea,  157. 
Paleozoic  fossils,  catalogue  of,  389. 
Pennsylvania,  Paleozoic  of,  384. 
Phenomena  of  North  America,  76. 
Phosphates  in  rocks,  234. 
Porcelain  rocks  of  Japan,  389. 
Port  Jervis,  lower  Helderberg  of,  385. 
Propylyte,  311. 

Rhine  and  Danube,  the  loess  of,  383. 
Rhyolyte,  312. 
Rocky  Mountains,  age  of,  in  Colorado, 

Peafe,  172,  388;  Stevenson,  297. 
Salt  regions  of  Gk)derich,  Canada,  231. 
Sandbars  of  Wisconsin  river,  154. 
Stromatopora,  157. 
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Time,  estimation  of,  Beade,  314. 
Trilobites,  233. 

monograph  of,  80. 
embryonic  forms  of,  Ford,  265. 
Vermont,  Wing^s  discoveries  in,  Dana, 

382,  406. 
Vertebrates  from  Montana,  316. 
Virginia,  vespertine  strata  of,  37, 115. 
Westfleld  during  Champlain  period, 

DiOer,  262. 
Wisconsin,  crystalline  rocks  of,  307. 
Georgia^  agricultural  report,  245. 
Gibbs,  J.  W.,  equilibrium  of  heterogene- 
ous substances,  380. 
Gilbert,  J.  H.,  points  in  connection  with 

vegetation,  20,  99,  181. 
Glass,  is  it  impervious  to  g^ses  ?  464. 
GlycoUic  acid,  preparation  of,  302. 
Glyoxaiyl-urea,  decomposition  of,  463. 
Gx^uated  circles,  rock-crystal  for,  216. 
Grand^eury,  Carboniferous  flora,  222. 
Gray,  A.,  botamcal  notices,  81,  236,  320, 
391,  469. 
Elliott's  Botany,  81,  392. 
homogone  and  heterogone  flowers, 
82. 

Darwin  on  cross-  and  self-fertiliza- 
tion, 125. 
dextrorse  and  sinistrorse,  236,  391. 
Helianthus  tuberosus,  347. 
female  flower  of  Gnetum  Gnemon, 
469. 
Grimatan,  synthesis  of  allantoin,  218. 
Groth,  new  Mineralog^cal  Journal,  162. 
Guillemin,  A.,  Physical  Forces,  246. 


Hampe,  so-called  crystallized  boron,  56. 

Hardy,  strophantine  and  ineine,  464. 

Hartley,  liquid  carbon  dioxide,  56. 

Howes,  G.  W..  iron  in  dolerytes  33. 

Hayden,  P.  V.,  publications  of  expedi- 
tion under,  68,  229,  387,  468. 

Heat  as  a  germicide,  TyTidaU,  480. 
See  Temperature. 

Heer,  0.,  Arctic  fossil  flora,  320. 

Height  of  "West  HiUs,"  Long  Isl.,  403. 

Henry,  J.,  fog-signals,  151. 

Henskaw,  H  W.,  excrementitious  deposits 
in  the  Rocky  Mountain  region,  482. 

Hermann,  Neptunium,  373. 

Herz/eld,  synthesis  of  comnarin,  463. 

Heumanny  carbon  in  luminous  flames,  217. 

Heycock,  spectra  of  indiimi,  57. 

Hvnmann,  K.,  luminous  flames,  220. 

HikJicock,  C.  H,  Connecticut  valley  Hel- 
derberg, 313. 

Home,  J.,  glaciation  of  Shetland  Is.,  156. 

Hoggins,   W,,    photographic  spectra  of 
stars,  324. 


Syenitic  mountains  of  Ditro,  159. 
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EwUy  T.  S.,  salt  region  of  Gk>d6rich, 

Canada,  231. 
Hydric  sulphide,  Cooke,  427. 
Hydrogen  in  electrolysis,  217. 

purification  of,  146. 
Hydroquinono,  preparations  of,  57. 
Hypovanadic  oxide,  147. 

I 

Ice,  plasticity  of,  69. 

loe  work  in  Newfoundland,  155. 

Illinois  Mus.  Nat  Hist.,  Bulletin,  246. 

Indium,  spectra  of,  57. 

Induction  coil,  221. 

Iodine  trichloride,  461. 

Irving,  R,  crystalline  rocks  of  Wis.,  307. 


Jackson,  C.  L.,  waste-product  in  the 
aniline  manufacture,  449. 

Jacquemin,  rhodein,  a  new  test  for  ani- 
Ime,  219. 

James,  J.  B.,  compensation  in  chronom- 
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Smith,  R  jP.,  derlTatives  of  benzol,  376. 

Smith,  J.  L,y  examination  of  Waconda 
meteorite  and  meteoric  irons,  211. 

new  localities  of  colmnbic  add  min- 
erals, and  new  columbates,  234. 
recent  fall  of  meteoric  stones,  243. 
examination  of  American  minerals, 
369. 

Smithsonian  Report  Cor  1876,  168. 
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prairie  regrions,  81. 
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Wright,  A.    H'.,  production  of  metallic 
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Zoology — 
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Fins,  median  and  paired,  32:i. 
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